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ABSTRACT
C orvnebacterium  equi and  C .  hoaqii are  e s s e n t ia l ly  id e n t ic a l  in  
m orphological, cu ltu ra l  and p h y s io lo g ic a l  c h a ra c te r is t ic s  and it is  recom ­
mended th a t  C . equ i be cons idered  a  homonym of C . h o a q i i , s in ce  th is  
sp e c ie s  w a s  th e  f irs t  nam ed.
Early w orkers observed  th a t  th e  growth of C .  equi w as en hanced  in  
the  p re se n c e  of g lu co se  w ithout ev idence  of sugar u til iza tion ;  o thers  
reported  th a t  g lu c o se  w as u t i l iz e d  w ithout a c id  or g a s  production; no 
da ta  confirm ing u t i l iz a t io n  were p re se n te d .  In  th is  study it  has  b e en  
confirmed th a t  g lu co se  is  s t im u la to ry , and q u a n ti ta t iv e  da ta  have b e en  
ob ta ined  to  show th a t  only minute amounts of the  sugar are u t i l iz e d .
The sam e o b se rv a t io n s  w ere  true  for C .  h o a q i i . In a 0.2% tryp tone 
medium o p t ic a l  d e n s i ty  v a lu es  in c re a s e d  five fold in  the  p resen ce  of 
g lu co se  (1.0%) though d isa p p ea ran c e  of g lu co se  w as not d e te c te d .  In 
a medium co n ta in ing  100 p g /m l of g lu co se  only 80 ;ig were u t i l iz e d  in  5 
d a y s .  A ceta te  w as  more stim ula tory  to  both sp e c ie s  than  g lu c o s e ,  and 
g lu co se  w as  w ithout e ffec t in  th e  p re sen c e  of a c e ta te .  It i s  probable 
tha t g lu c o se  is  m etabo lized  to  a c e ta te .  Experiments with  g l u c o s e - 1 - C ^  
rev ea led  th a t  most of the  rad io ac tiv ity  w as  in  evolved CC>2 .
As m easured  by oxygen up take  a c e ta te ,  b u ty ra te ,  l a c ta te ,  bu tano l 
and e thano l w ere  b e tte r  su b s tra te s  than  g lu co se  for the  res t in g  c e l ls  of
• v
C . equi and  C.. h o a q i i .
ix
The s l igh t u t i l iz a t io n  of g lu co se  su g g e s ts  th a t  g lu c o s e  i s  m etabo-
i
l iz ed  w ith d if f icu lty ,  e i th e r  b e c a u s e  of in ab il i ty  to  ta k e  i t  in to  th e  c e l l  
or a de fic iency  of th e  n e c e s s a ry  e n zy m es .  Experiments dem onstra ted  
tha t there  is  no s to rag e  of g lu co se  in  th e  c e l l ,  and tha t  c e l l  ex tra c ts  
were unable to  o x id ize  g lu c o s e .
In a sy n th e tic  medium ca lc ium  p a n to th e n a te ,  B^2 and some com bi­
nations of amino a c id s  perm itted  c o n s is te n t  low le v e ls  of growth w ithout 
p igm entation . For optimum growth of th e s e  organ ism s th iam ine  w as 
n e c e s s a ry .  The maximum e ffec t  of th iam ine on growth in  th e  sy n th e tic  
medium w as o b ta ined  w ith  a c o n cen tra tio n  of only 3 .0  n g /m l .  W ithout 
th iam ine there  w as  no c h ro m o g e n e s is , and  th e  maximum chrom ogenesis  
w as ob ta ined  w ith  5 n g / m l . At suboptim al le v e ls  of th iam ine  growth 
and chrom ogenesis  w ere  proportional to  the  th iam ine  c o n ce n tra t io n .  
These organism s ap p ea r  to  provide an ex ceed in g ly  s e n s i t iv e  method 
for de tec ting  and  q u a n ti ta t in g  th iam in e . Thiamine seem s to  be  an 
ab so lu te  requirem ent for pigment b io sy n th e s is  in  th e s e  o rg an ism s .
C o lo r le ss  c e l l s  (grown w ithout thiam ine) w ere  induced  to  form 
pigment by th e  ad d it io n  of th iam ine; ch loram phenico l p reven ted  th is  
induc tion . Thiamine in  m inute amounts seem s to  m ediate  ch rom ogenesis  
by inducing the  form ation of th e  enzyme sy s tem  required  for the  b io ­
sy n th e s is  of the  p ig m e n ts . The pigm ents w ere  found to  be caro teno id s  
with absorp tion  maxima in  e th ano l a t  about 440 , 464, and 495 mp.
x
INTRODUCTION
The genus Corvnebacterium  Lehmann and Neum ann, w hich orig inally  
c o n s is te d  of a sm all group of a n im a l-p a ra s i t ic  s p e c ie s  resem bling  
C orvnebacterium  d iph theriae  h a s ,  over the  y e a r s ,  grown by a cc re t io n  to  
a ra ther large  group conta in ing  o rgan ism s bearing  l i t t le  re sem b lan ce  to  
the  type  s p e c i e s . For exam ple , C arr ie r  and  M cC leskey  (1961) found 
C . v e s ic u la re  to  be g ram -n eg a tiv e  w ith a tend en cy  to  form long f i la m e n ts .  
H art,  Larson, and M cC leskey  (1965) reported  C . nephridli to be a g ram - 
nega tive  d en itr if ie r ,  converting  n itra te  to  n itrous o x id e . They su g g e s te d  
th a t  i t  be p laced  in  th e  genus A chrom obacter. F o rtuna te ly , the  o rig inal 
s t ra in s  of both th e s e  s p e c ie s  w ere  av a i la b le  for study and i t  w as  p o ss ib le  
to  co rrec t the  orig inal d e s c r ip t io n s .
In a com parative  study of a l l  the  a v a i la b le  aerob ic  sp e c ie s  of the  
genus C orynebac te rium , C arrie r  (1963) found C . equi and C . hoaq ii to  be 
a lm ost id e n t ic a l  in  c u l tu ra l ,  m orphological and..biochem ical c h a r a c te r i s ­
t ic s  . He su g g es ted  th a t  th ey  might w e ll  be  co n s id e red  s t ra in s  of the  
sam e s p e c ie s .  The o rig inal s t ra in  of C.. e q u i , i s o la te d  by M agnusson  
(1923), has  been  m ain tained  in  cu ltu re  c o l le c t io n s ,  but the  o rig ina l i s o ­
la te  of C . hoaqii apparen tly  i s  no longer a v a i la b le .  It i s  p o s s ib le  tha t  
th e  cu ltu re  d e s ig n a ted  C.. hoaq ii bv la te r  w orkers may differ in  some 
re s p e c ts  from the  orig inal i s o l a t e .
1
T hese  s p e c ie s  have a roused  l i t t l e  in te re s t  among m ic ro b io lo g is ts , 
a s  in d ic a te d  by the  few reports  in  th e  l i te ra tu re  dea ling  w ith  them . As a 
part of a continuing  study of the  various s p e c ie s  of the  ae rob ic  c o ry n e -  
b a c te r ia ,  the  av a i la b le  s t ra in s  of jC_. equi and  C . h oaq ii  w ere  c h o se n  
for further in v e s t ig a t io n ,  pa rt icu la rly  in  regard  to  th e  e ffec t  of g lu co se  
on growth and the  e ffec t  of nu tr it ional fac to rs  on pigm ent p roduction .
REVIEW OF LITERATURE
C orvnebacterium  equi
C . equi w as  f irs t  i s o la te d  and d e sc r ib e d  by M agn usso n  (1923) who 
found the  organism  in  tw e lve  c a s e s  of pneumonia in  f o a l s .
Dimock and Edwards (1932) d e sc r ib e d  the  m orphological and  c u l ­
tu ra l c h a ra c te r i s t ic s  of C . e q u i . According to  th e ir  s tu d ie s ,  it m easured  
1.2  x  1.5 microns; b ranching w as  observed  in  broth cu ltu res  but not in  
sm ears from agar s l a n t s . C a p su le s  w ere  obse rved  in  moist India  ink p rep a ra ­
t io n s .  In broth c u l tu re s ,  the  organism  produced c louding  of th e  medium 
with l i t t le  sedim ent and no p e l l ic le  form ation . The organism  produced a 
ye llow ish  ta n  to sa lm on-p ink  pigment depending  on th e  m edium . Bruner 
and Edwards (1941) u sed  agg lu tin a tion  and p re c ip ita t io n  t e s t s  to  demon­
s t ra te  n in e tee n  se ro lo g ic a l  ty pes  of C . equ i.
The papers  of Dimock and Edwards (1931), M erchant (1935), Bruner 
and Edwards (1941), and Brook and Hucker (1944) ag ree  th a t  a c id  is  not 
produced in  carbohydrate  media by C_. e q u i .
Bruner and Edwards (1941), how ever, o b se rv ed  th a t  b e t te r  growth 
of C . equ i w as  ob ta ined  in  g lu co se  medium th an  in  th e  o ther sugar  m edia, 
though th ere  w as  no ev iden ce  of ac id  or g a s  production  in  any of the
i
cu ltu res  . They u sed  agar s la n ts  con ta in ing  0.15% NaNH4HP0 4 , 0 .1 %  
KH2PO4 , 0.02% MgSO^, and brom thymol b lue  in d ic a to r .  The sam e te s t  
w as  u se d  w ith lac to 'se ,  s u c ro s e ,  m annito l, and g ly c e ro l ,  and  in  no c a s e
w a s  there  any e v id en ce  of ac id  production  or th a t  th e s e  s u b s ta n c e s  
s t im u la ted  th e  growth of C . e q u i .
M erchant and  Packer (1956) reported th a t  C.. equi u t i l iz e d  g lu co se  
w ithout ev idence  of ac id  formation; the re  w as no mention of growth e n ­
hancem ent by g l u c o s e .
C orvnebacterium  hoaqii
C .  hoaq ii w a s  f i r s t  d e sc r ib ed  by Hoag (1907) a s  "b a c i l lu s  x " .  He 
i s o la te d  i t  from various  human sou rces  (lung, spu tum , l iv e r ,  and k idney ). 
M orse (1912) su g g e s te d  th a t  the  organism  be d e s ig n a ted  B acillu s  hoaqii 
and  she  d e sc r ib e d  th is  s p e c ie s  a s  rep resen ting  one of th e  groups which 
sh e  e s ta b l is h e d  a s  th e  re su l t  of a b iom etrica l s tudy  of two hundred  n in e ty -  
f ive  s tra in s  of c o ry n e b a c te r ia . Eberson (1918) re d e s ig n a te d  th e  organism  
C orvnebacterium  h o a q ii .
The a c t io n  of C . hoaqii on carbohydra tes  i s  ox ida tive  (C arrier,
1963) and apparen tly  s l ig h t ,  w hich  may accoun t for some d isag reem en t 
in  the  l i te ra tu re .  Hoag (1907) reported  ac id  production  in  g lu c o s e ,  
su c ro s e ,  and m altose ; M orse observed  ac id  in  g lu c o se  and  s u c ro s e ,  
but not in  m altose; C arrie r  (1963) reported  ac id  (ox idative  a ttack ) on 
g lu co se  but not on su c ro se  and m a lto se .
Pigm ents in  co ry n eb ac te r ia
P igm entation  is  common among the  phytopathogenic  c o ry n e ­
b a c te r ia ,  and se v e ra l  reports  have  d ea lt  with the  nature  of th e  pigment 
p ro d u c tio n .
Skinner and G underson (1932) reported the  production of v itam in  "A" 
by an  un iden tif ied  d iph thero id . Their experim ents showed th a t  th e  dried  
b a c te r ia l  growth of th is  organism  cu ltu red  on a  vitam in "A" free  su b s tra te  
in  to ta l d a rk n e s s ,  cured  young ra ts  suffering from vitam in "A" d e f ic ie n ­
c ie s  . S im ilar f indings were reported  by Baumann et a l .(1933).
Ingraham  and Baumann (1934) iso la te d  various cu ltu res  from lake  
w a te r  w hich  w ere  e s s e n t ia l ly  id e n t ic a l  w ith th e  Sk inner-G underson  s tra in ; 
th ey  su g g e s te d  th a t  th is  d iph thero id  be named C . ca ro ten u m . They r e -
I
ported th a t  th e  amount of caro tene  in  a cu ltu re  could be roughly p red ic ted  
on th e  b a s i s  of the  co lor of th e  g ro w th . The amount of ca ro ten e  produced 
by a  g iven  cu ltu re  v a ried  w ith the  medium on which i t  w as g row n, and  the  
con ten t  per gram of c e l l s  in c re a s e d  w ith age to  a defin ite  maximum, a fte r  
w hich  i t  d e c re a se d  qu ite  ra p id ly . In  the  p igm entation s tu d ies  of p h y to -
I
pa tho log ic  c o ry n e b ac te r ia ,  Braun (1949), Starr and S a p e rs te in  (1953), 
and S c h u s te r ,  Johnes and Sayre (1959) reported  the e ffect of th iam ine  
co n ce n tra t io n  on th e  v a ria tio n  of co lo rs  (pigmentation) in C . m ic h iq a n e n se , 
C .  p o in s e t t i a e , a n d C .  f la c c u m fa c ie n s , r e s p e c t iv e ly .  T hese w orkers  
em ployed a medium c o n s is t in g  of NH4C 1, g lucose  and  sa l ts  s u p p le ­
m ented w ith  one per cen t  "vitamin free"  c a s e in  h y d ro ly sa te .
S c h u s te r  et a l .  (1959) reported  th a t  thiam ine in fluenced  pigment
production  in  C . f laccum fac iens  . At thiam ine concen tra tions  w hich
favored only m oderate grow th , the  c e l l  m ass w as pink w h ereas  a t
th iam ine  le v e ls  w e ll  above th e  amount n e c e ssa ry  to  fu lfill  th e  growth 
requ irem ents  the  p igm entation  w as  changed  to  orange or y e l lo w .
Starr and S a p e rs te in  (1953) observed  q u a l i ta t iv e  and q u an ti ta t iv e  
c h an ges  in  the  caro teno id  pigm ents of C orvnebac terium  p o in se t t ia e  when 
the  lev e l  of th e  requ ired  growth fac to r ,  thi_amine, w a s  a l te re d .  The red  
c e l l s  w hich grew under cond itions  of low th iam ine  c o n c e n tr a t io n s , pro­
duced  two major p igm ents: sp ir i l loxan th in  and ly co x an th in .  In th e  
o rang e-y e llow  c e l ls  formed under cond itions of high th iam ine  c o n c e n ­
t r a t io n s ,  th ree  major p igm ents were produced: ly co x an th in , c ryp toxan -  
th in ,  and  a sm all amount of sp ir i l lo x a n th in .  How th iam ine  m edia ted  such 
a l te ra t io n s  in  the  ca ro ten o id s  w as n o t 'd em o n s tra ted  in  th e ir  in v e s t ig a t io n .
In ano ther s tu d y , S a p e rs te in  et a l .  (1954) o b se rv ed  a lte ra t io n s  in 
caro teno id  sy n th e s is  accom panying mutation in  C orvnebacterium  . 
m ich ig an e n se .  The na tu ra lly  occurring yellow  paren t type  produced 
c ryp toxan th in  and ly c o p e n e . A pink mutant formed lycopene  and 
sp ir i l lo x a n th in .  One mutant produced only ly co p en e . An orange mutant 
sy n th e s iz e d  c ryp toxan th in . B e ta -ca ro ten e  and can thaxan th in  ca ro teno id s  
w ere  not d e te c te d  in  th e  c o lo r le s s  mutants .
The po lyene  pigm ents of C .  p o in se tt ia e  and C .  m ic h ig a n e n se , w ere  
a s s o c ia te d  w ith p ro tein  com ponents (Sapers te in  and  S ta rr ,  1955). They 
e x tra c ted  a  p igm en t-p ro te in  complex from the  ruptured b a c te r ia l  c e l l s  
w ith  th e  u su a l  p ro te in  s o lv e n ts .  The com plex w as  re la t iv e ly  s ta b le .  
W hile  a t ta c h e d  to  th e  p ro te in  m oiety , th e  caro ten o id s  did not show r e ­
v e rs ib le  c is f^ .  t ran s  iso m eriza t io n .  They a lso  reported  th a t  the  c a ro te ­
noids of C . m ich iganense  w ere  a s s o c ia te d  w ith p a r t ic le s  having a
sed im en ta tio n  c o n s tan t  of about 35S and such p a r t ic le s  w ere  not dem on­
s tra b le  in  c o lo r le s s  m u tan ts .
H odgkiss  e t  a l .  (1954) reported  th ree  caro teno id  p igm ents in  a 
coryneform marine m icroorganism  (Corvnebacterium  e rv th ro g e n e s ) . Two 
of th e s e  p igm ents w ere  id en t i f ie d  a s  neoxanth in  and sa rc in a x a n th in .
The th ird  pigment w as  named corynexan th in . Prebble (1962) s tu d ied  
caro teno id  p igm entation  in  C .  f a s c ia n s  (Tilford) D ow son. He e s t im a te d  
th e  ca ro teno id  pigment of th is  organism  to be approxim ate ly  0 .5  mg per 
gram of dry w eigh t of c e l l s  w hen  grown under optimum co n d it io n s  for 
pigment s y n th e s i s .  According to  P rebble , v a l in e ,  g ly c in e ,  and  m annitol 
(4%) promoted pigment s y n t h e s i s . He reported  the  pigment in  th is  o rgan ­
ism  to  be  b e ta -c a ro te n e  to g e th e r  with a  sm all amount of g a m m a-c a ro te n e ,  
z e ta - c a ro te n e ,  lycopene  and the  c o lo r le s s  p o ly e n e s ,  phy toene  and  phy to -  
f lu e n e . The hypophasic  xan thophy lls  w ere  mainly c ryp toxan th in  and 
z e a x a n th in .  C aro teno id  production  in  C .  fa s c ia n s  d iffers s ig n if ic an t ly  
from th a t  d e sc r ib e d  for o ther  members of the  c o ry n e b ac te r ia .
Apparently no work has  been  done w ith the  p igm ents of C . equi 
and  C.. h o a q i i .
B io sy n th es is  and function  of caro teno ids
t
The b io sy n th e s is  of ca ro teno ids  p roceeds in  such a m anner th a t  
a  co n s id e rab le  amount of in te rm ed ia tes  can  be  i so la te d  in  ad d it io n  to  
the  end p ro d u c ts .  In th is  w ay caro teno id  b io sy n th e s is  re p re se n ts  a 
unique array of compounds w hich  are b iochem ically  and s tru c tu ra lly
8very c lo s e ly  re la te d .  In a d d it io n , cond itions  c an  be c re a te d  under which 
in te rm ed ia te s  accum ula te  and th e ir  in te rco n v e rs io n s  c an  be  s tu d ie d .  
E x tensive  s tu d ie s  on c a ro ten o g e n es is  have  been  done by Goodw in (1954, 
1959) and Je n se n  (1963 , 1965).
The oxygen requirem ent in  c a ro ten o g e n es is  w a s  reported  by Yokohama 
e t  a l .  (1962) in  a c e l l - f r e e  sy s tem  from Phvcom vces b l a k e s l e e a n u s .
It is  known th a t  some na tu ra lly  occurring p ig m e n ts , such  as  r ib o ­
f lav in ,  cy tochrom e, p y o c y a n in e , ph th ico l, and to x o f lav in ,  func tion  in  
b a c te r ia l  m etabo lism . S tan ie r  (1960) and Goodwin (1959) have  dem onstra ted  
the  function  of ca ro teno ids  a s  p ro tec to rs  a g a in s t  pho toox ida tion  and as  
aux il ia ry  abso rbers  of rad ian t energy for p h o to sy n th e s is  and p h o to ta x i s . 
O ther functions have b e en  c la im ed , but not rig id ly  proven .
i
MATERIALS AND METHODS
The o rgan ism s
Four s t ra in s  of C orvnebacterium  equi (10146, 7698, 7699, and 6939) 
w ere  ob ta ined  from th e  American Type C ultu re  C o l le c t io n .  S tra in  6939 i s  
th e  o r ig ina l i s o la te  of M agnusson  (1923) who ob ta ined  it  from a lung 
a b s c e s s  in  a f o a l .
The cu ltu re  of C . hoaq ii  (ATCC 7005) w as  sen t  to  the  American Type 
C u ltu re  C o l le c t io n  by D r. O rcutt of Virginia Po ly technic  In s t i tu te  in  1937. 
W hether th is  i s  the  o rig ina l s tra in  i s o la te d  by Hoag (1907) i s  not know n. 
D r. Orcutt s ta te d  th a t  th e  organism  w as  in  the  departm ental cu ltu re  c o l ­
le c t io n  and th e re  w as  no record of i t s  so u rc e .  Apparently no o ther i s o l a ­
t io n  of th is  sp e c ie s  h a s  been  repo rted .
S tock cu ltu res  w ere  m ain tained  in  b ra in  heart  in fusion  sem iso lid  
agar  (0 .3  to  0.5% agar) in  sc re w -c a p p e d  tu b e s .  C u ltu res  w ere  s tab  
in o cu la te d  and a llow ed to  in cu b a te  a t  37 C un til  there  w as good grow th , 
and th en  s to red  in  the  refr igera to r  a t  4 C . T ransfers w ere  made a t  in te r ­
v a ls  of approxim ate ly  2 m onths.
M edia
The following media w ere  u se d  in  th is  s tudy  and prepared a s  
in d ic a te d .  S te r i l iz a t io n ,  u n le s s  o th erw ise  in d ic a te d ,  w as accom plish ed  
in  the  a u to c lav e  a t  121 C for 15 m inu tes .
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OF B asa l medium (D ifco, dehydrated)
Bacto  tryp tone  
Sodium ch loride  
D ip o tass iu m  p hospha te  • 
Bacto brom thymol b lue 
Bacto agar
2 .0  g 
5 .0 g 
0 .3  g 
0 .08  g 
2 .0  g
To hydra te  th e  medium, 9 .4 g w ere  d is so lv e d  in  one l i te r  of d i s t i l l e d  
w a te r  and 100 ml am ounts w ere  d is tr ib u te d  in  s ix -o u n c e  p resc r ip tion  
b o t t le s .  To 100 ml of s te r i le  medium 10 ml of se p a ra te ly  s te r i l iz e d  1% 
sugar so lu t io n s  w ere  added a s e p t i c a l ly .  F in a lly ,  6 ml amounts w ere  d i s ­
tr ibu ted  in  16 mm t e s t  tu b e s  a s e p t ic a l ly .  The tu b es  w ere  s tab  in o c u la te d  
from 24-hour o ld  c u l tu re s .
Sucrose  agar (M cC leskey  e t  a l . ,1 9 4 7 )
D ifco  tryp tone  
D ifco  y e a s t  ex trac t  
Raw sug ar  
D ifco  agar 









D ifco  tryp tone  
Sodium chloride
2 .0  g 
5 .0  g 
0 .3  g 
1000 ml
D ip o tass iu m  phospha te  
D is t i l le d  w a te r
T ellurite  agar  b a se
Bacto tryp tone  
Bacto agar  
D is t i l l e d  w a te r
2 .0  g 
1.5 g 
100 ml
N itra te  broth (M cC leskey  and C h r is to p h e r ,  1947)
Peptone  (NO3 free) 1.0  g
N aC l 0 .5  g
KNOg 0 .2  g
H2O (NC>2 free) 1000 ml
S y n th e tic  medium (Braun and Hofm eier, 1927)
N a2S0 4  0 .5  g 
M g S 0 4 -7H20  0 .005  g 
KH2P 0 4 0 .0 5  g 
K2H P 04 0 .1 5  g 
Na a s p a r ta te  0 .5  g 
C y s t in e  0 .0125  g 
C H 3C O O N a.3 H 20  0 .5  g 
H2O to  100 ml 
pH 7 .0
Amino a c id  supplem ent (Friedman and R o e s s le r ,  19
%
DL-Alanine 0 .0 8
D L-A spartic  a c id 0 .0 8
L -G lu tam ic  ac id 0 .0 8
L-Arginine HC1 0 .02
L -Lysine  HC1 0 .02
L -H is t id in e  HC1 0 .0 1
D L -Iso leu c in e 0 .02
L-Leucine 0 .01
D L -M eth ion ine 0 .02
L -P heny la lan ine 0 .01
L -Proline 0 .01
L-Threonine 0 .01
L -Tyrosine 0 .01
DL-Valine 0 .02
DL-Tryptophan 0 .02
L -C y s te in e  HC1 0 .01
D L-Serine 0 .02
G lyc in e 0 .01
L -G lutam ine 0 .0 6




Amino ac id  mixture (Friedman and R o e ss le r ,  1961)
%
L -C y s te in e
L-Leucine
0 . 0 1
0 . 0 1
0 . 0 2
0 . 0 2
0 .06
0 . 0 2
0 . 0 1
0 . 0 2
0 . 0 2
7 .2
D L -Iso leuc in e
DL-Valine
L-Glutam ine
D L -M ethionine




A dditional m edia em ployed in c lu d e d ;
T ryp ticase  soy  broth (BBL dehydrated)
MR-VP medium (D ifco, dehydrated)
Brilliant g reen  b i le  agar  (D ifco , dehydrated) 
MacConkey agar  (D ifco , dehydrated)
EMB ag ar  (Difco, dehydrated)
Tryptose agar  (D ifco, dehydrated)
K oser 's  c i t ra te  medium (D ifco, dehydrated) 
SIM medium (D ifco , dehydrated) •
M orphological s tu d ies
The m orphological and s ta in in g  c h a ra c te r i s t ic s  of the  o rganism s 
w ere  determ ined by preparing  s ta in e d  sm ears  from cu ltu res  incub a ted  for 
various periods on se v e ra l  d ifferen t m ed ia . H u ck er 's  m odification  (1922) 
of the  Gram s ta in  w as  u s e d .  M etachrom atic  g ranu les  w ere  dem onstra ted  
w ith  L oeffler 's  m ethylene b lu e .
B iochem ical t e s t s
Sodium h ippurate  h y d ro ly s is  (Ayers and  Rupp, 1922). T ryp ticase  
broth con ta in ing  one per c e n t  sodium  h ippura te  w as  the  medium u se d .
After 7 days of incu ba tion  a t  37 C the  volume of th e  medium w as
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res to red  with d is t i l l e d  w a te r .  E ig h t- ten th s  ml of th e  cu ltu re  w as  t r a n s ­
ferred to  a sm all  t e s t  tube  and  0 .2  ml of ferric  ch lo ride  reagen t ( F e C ^ 'O I ^ O ,  
12 g; 2% HC1 in  w a te r ,  100 ml), w as  a d d ed . A perm anent p rec ip ita te  in d i­
c a ted  the  hydro ly s is  of sodium  h ip p u ra te .
M ethyl red  and V oces -P ro sk au e r  t e s t s . The o rgan ism s w ere  t e s te d  
a fte r  incuba tion  in  D ifco MR-VP medium a t 37 C for 24-48  h o u rs .  For the 
V oges-P roskauer r e a c t io n ,  0 .6  ml of 5% a lpha-naph tho l in  95% ethano l and
0 .2  ml of 40% aqueous KOH w ere  added to  one ml of c u l tu re .  Developm ent 
of a crim son to  ruby co lor a f te r  2 to  4 hours w as  co n s id e red  a p o s it iv e  t e s t  
for a c e ty lm e th y lc a rb in o l . To th e  rem aining portion  of th e  c u l tu re , 0 .5  ml 
of methyl red  in d ic a to r  w a s  a d d e d .  The methyl red  t e s t  w as  considered  
p o s it iv e  if  th e  cu ltu re  tu rned  the  in d ica to r  a d is t in c t  re d .
N itra te  red u c tio n .  Peptone broth con ta in ing  0.2% po tass ium  n itra te  
w as  the  t e s t  medium. After 7 day s  of in cu b a tio n  a t  37 C ,  the  p resen ce  of 
n itr i te  w as  determ ined  using  su lfa n il ic  a c id  and a lpha-naph thy lam ine  
d is so lv e d  in  5 N a c e t ic  a c id .  The developm ent of red co lor w as  recorded  - 
as  a p o s it iv e  t e s t .
Growth s tu d ie s
C a lib ra ted  T -typ e  sh a k e r  tu b es  (Monod t u b e s ) , ob ta ined  from 
Bellco G la s s ,  I n c . , V ineland, N . J .  C a ta lo g  No. B/P T-451 w ere used  
in  the  growth' s tu d ie s  u n le s s  o th erw ise  in d ic a te d .  Five to  s ix  ml of 
medium w ere  u se d  in  each  tu b e ,  and incuba tio n  w as  a t  30 C on a rotary 
shaker (New Brunswick S c ien t if ic  C o . ,  New Brunsw ick, N. J . ) .  C e ll
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d e n s i t ie s  w ere  m easured every  12 hours by means of th e  S pec tron ic  20 
(Bausch and Lomb) spec tropho tom eter  s e t  a t  600 mp. P in a lly ,  the  p ig ­
m entation  of th e  ce l l  m ass and  su p e rn a ta n t  w as  o b se rved  a fte r  c e n t r i ­
fuga tion .
For the  pH changes  and g lu c o se  u t i l iz a t io n ,  th e  cu ltu res  w ere  
grown in  1 - l i te r  Erlenmeyer f la s k s  c o n ta in in g  250 ml of tryp tone  broth 
with 1% g lu c o s e .  The sam ples  w ere  ta k e n  a t 12 hour in te rv a ls  and  pH 
w as m easured  w ith a Leeds and Northrup pH m eter.
The g lu co se  de term ina tions w ere  made w ith  th e  p h e n o l-su lfu r ic  ac id  
rea g en t  a s  d e sc r ib ed  by Montgomery (1961). The c u ltu re s  w ere  cen trifuged  
and th e  supernatan t w as  u se d  to  e s t im a te  the  rem aining g lu c o s e .  In th is  
p ro ced u re , d ilu ted  superna tan t  (2 ml) w a s  p ip e t ted  in to  a co lorim eter 
tu b e ,  13 mm. d i a . , and 80% pheno l (0 .1  ml) w a s  a d d ed , fo llow ed by 
c o n cen tra ted  H2SC>4 (5 ml) from a p ip e t te  w ith  a de livery  tim e of approx i­
m ately  5 s e c o n d s . The s tream  of a c id  w a s  d irec te d  a g a in s t  th e  l iqu id  
su rface  and th e  tube w as  sh a k en  im m ed ia te ly .  The absorbancy  w a s  
m easured  at 490 mu a fte r  leav ing  th e  tu b e s  for 30 m inutes a t  room 
tem pera tu re .  The amount of g lu c o s e  p re s e n t  in  th e  sam ple w a s  ob ta ined  
from th e  s tandard  curve w hich w a s  p rep a red  w ith known amounts of g lu c o s e .
Radio iso topic  s tu d ies
Radioisotopic s tu d ie s  w ere  a ls o  em ployed to  verify  g lu co se  u t i l i z a ­
tion  by  C . equi and C . h o a q i i . The c u l tu re s  w ere  grown in 50 ml 
Erlenmeyer f la sk s  con ta in ing  300 .ug and  2 uc  g l u c o s e - l - C 1^ (spec if ic
15
a c t iv i ty  2 -4  m c/m m ole). This g ave  a  g lu c o se  c o n cen tra tio n  of about 48 
pg/m l^of medium. The c u ltu re s  w ere  grown w ith  con tinuous a e ra t io n  and 
th e  evo lved  carbon d iox ide  w a s  cap tu red  in  sodium hydroxide so lu t io n .
The cu ltu res  w ere  a llow ed to  grow for 108 h o u r s .
The method for f ra c t io n a tio n  of th e  c e l l s  i s  show n on th e  nex t p ag e .
1. Preparation  of c e l l  hom ogenates
The cu ltu res  w ere  cen tr ifuged  a t  15,000 rpm for 30 m inutes and  the 
su p e rn a ta n ts  w ere  sa v e d .  The ra d io a c t iv e  c e l ls  w ere  d ilu ted  with carr ie r  
c e l l s  which had been  grown in  b ra in  h ear t  in fu s ion  bro th  for 24 h o u r s . A 
th ic k  p a s te  w as  made of th e s e  c e l l s  in  co ld  10% tr ic h lo ro a c e t ic  a c id  (TCA) . 
in  a 50 ml b e a k e r .  The c e l l  s u s p e n s io n s  w ere  broken by so n ic a t io n  (Branson 
m odel 75). The homogenate w a s  f i l te re d  in  th e  c o ld .  The f i l te r  cak e  w as 
sa v e d  and d r ied ,
2. Separa tion  of ac id  so lub le  frac tio n  
F il tra te  I:
To p rec ip ita te  g lyco gen  (if p r e s e n t ) , co ld  a b so lu te  e thano l w a s  
added  to  th e  fi ltra te  w ith  s t ir r ing  to  bring the  volume to  e x ac tly  50 ml.
The so lu tio n  w as  cen trifuged  or f i l te re d  to  se p a ra te  th e  p rec ip ita te d  
g ly co g en . The c lea r  so lu tio n  i s  F il tra te  I .
3 . Extraction of to ta l  l ip id s  from TCA p rec ip ita te  
F iltra te  II:
The dry filter  cak e  w a s  rem oved from th e  funnel and p laced  in  20 
ml of ace ton e  which had  b e en  made a lk a lin e  w ith  ammonium h y d ro x id e .
FLOW S H E E T  OF PROCEDURE FOR THE 
F R A C T I O N A T I O N  OF C. EQUI ,
F i l t r a t e  < £  
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It w as  broken up and warmed on a s team  ta b le  in  the  hood a t low h ea t  for 
5 m inu tes . The mixture w a s  th en  coo led  and f i l te re d .  The new f i l te r  cake  
w a s  aga in  broken up in  20 ml of a c e to n e ,  h e a te d ,  coo led  and f i l te re d .  The 
f i l t r a te s  w ere  com bined and th e  volume reco rd ed . This frac tion  i s  F il tra te  II . 
F il tra te  I I I ;
The ex trac t io n  procedure ou tlin ed  above w a s  rep ea ted  tw ice  w ith  
e thano l a s  th e  so lv en t and  tw ice  w ith  e th e r .  After the  final e ther  e x tra c ­
t io n ,  the  f i l te r  cake  w as  dried  on the  funnel for a few m inutes and rem oved. 
The combined e th a n o l-e th e r  ex trac t  (Filtrate  III) w a s  p reserved  in  a s toppered  
tu b e .  The re s id u e  of c e l l s  w as  sa v ed  and a ir  d r ied .
4 . Removal of n u c le ic  ac id  from th e  re s id u e  
F il tra te  IV:
The a ir  dried  cak e  w a s  broken upon the  f i l te r  paper and p lac ed  in  a
tube  con ta in ing  15 ml of 5% TCA. The tube  w a s  p laced  in  a  w a te r  bath  at
/
90 C and kep t th e re  for 15 m inutes w ith  c o n s ta n t  s tirring  of the  p re c ip i ta te .  
The mixture w a s  th en  coo led  under running tap  w a te r ,  f i l te re d ,  and the  
f i l te r  cake  w a sh e d  w ith  th re e  5 ml portions of 5% TCA; the  f i l t ra te  and 
w ash  fluid w ere  combined and brought to  25 ml. This w as F iltra te  IV.
I
The re s id u e  (Residue #1) w as t ran sfe rred  to  a  beake r  and a llow ed 
to  d ry .
M e a surement of rad io ac t iv i ty
F ra c t io n s . M easu red  a liq u o ts  w ere  tak e n  from each  frac tion  on
p la n c h e ts ,  d r ied ,  and coun ted  by a g a s  flow coun te r  (Baird Atomic I n c . , 
Cam bridge, M a s s . ) .
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C arbon  d io x id e . The method d e sc r ib e d  by C h a se  and Rabinowitz
i
(1965) w as  fo llow ed to  ob ta in  a s tan dard  c a l ib ra t io n  curve for se lf
I
abso rp tion  by rad io a c t iv ity  of barium c a rb o n a te .  According to  th is  
method a m easured  amount of a known s tock  so lu tio n  of rad ioac tive  
sodium carbo na te  w a s  ta k e n .  By the  add ition  of barium chloride s o lu ­
tion s  , the  p re c ip i ta te s  of barium carb ona te  w ith in c re a s in g  w eigh ts  w ere  
o b ta in ed .  The p re c ip i ta te s  w ere  c o l le c te d  on s tandard  f i l t e r s ,  w ash ed  
and d ried , and  th e  ac t iv i ty  of th e  sam ple  de te rm ined .
The ra d io a c t iv e  carbon d ioxide  abso rb ed  in  the  po tass ium  hydroxide 
trap  w as  p re c ip i ta te d  a s  barium carbonate  and  i t s  a c t iv i ty  w a s  determ ined 
from th e  c a l ib ra t io n  cu rve .
M anometric experim ents
R esting  c e l l s . S tandard  manometric te c h n iq u e s  a s  d e sc r ib ed  by 
U m breit, Burris and  Stauffer (1959) w ere  em ployed . The c e l ls  were 
grown in  b ra in  heart  in fusion  broth (BHI) in  500 ml Erlenmeyer f la sk s  
on a sh ak er  a t 33 C for 24 h o u r s . The c e l l s  w ere  c o l le c te d  by cen tr ifu ­
g a t io n ,  w a sh e d  tw ice  with normal sa l in e  so lu tio n  and re su sp en d ed  in 
p h y s io lo g ica l  s a l i n e . The su sp e n s io n s  w ere  s tandard ized  by  d ilu tion  , 
w ith  d is t i l l e d  w a te r  so  tha t  a 1:100 d ilu tion  gave  50 per  cen t  t r a n s m is ­
s ion  a t  600 mp in  a  Bausch and Lomb (Spectronic 20) spectropho tom eter.
C e ll  free  e x t r a c t s . The c e l ls  of C . equ i w ere  grown in  BHI for 24 
hours on a sh a k e r  a t  30 C .  The c e l l s  w ere  h a rv e s te d  from about 4 l i te rs  
of medium. A th ic k  p a s te  of w a sh e d  c e l ls  w a s  p laced  in a  50 m illil i te r
beak er  and coo led  to  5 C . The b a c te r ia  w ere  su b je c ted  to  so n ic  d is ru p tio n  
for 5 m inutes by use  of a 20 KC Branson son ifier . The tem pera tu re  of th e  bac  
te r ia l  su s p e n s io n  w a s  m ain ta ined  a t  6 1 2 C during s o n ic a t io n .  C e l lu la r  
deb ris  and  a b ra s iv e  w ere  removed by cen tr ifuga tion  for 20 m inutes at 
27 ,000 x  g in  a  S erva ll  RC-2 c e n tr ifu g e .  The c le a r  c e l lu la r  e x tra c t  w as  
d eca n te d  and u se d  for ex perim en ta tion . The amount of p ro te in  in  th e  ex trac t  
w as  determ ined  by the  ab so rp tion  ra t io s  at 280 and 260 mp.
The study  of p igm ents
I
E x tra c t io n . The c e l l s  w ere  grown on t ry p to se  ag a r  a t  30 C in  s t a in ­
l e s s  s t e e l  pans (10 .5  x  13.5  in ch ) .  One l i te r  of medium w a s  poured  in  
each  p a n .  C e l l s  for inoculum  w ere  grown in  (BHI) broth for 24 h o u rs .  A 
heavy inoculum  w a s  u se d  and sp read  on the  su rface  of th e  agar w ith  the  
a id  of a ben t s te r i le  g la s s  rod . After incuba tion  for 36 to  48 h o u rs ,  the  
growth w a s  h a rv e s te d  and  w ash ed  th ree  t im es  w ith w a te r .  The c e l l s  w ere  
a lso  grown in  sy n th e tic  medium w ith  or w ithout th iam ine in  tw o - l i te r  
Erlenmeyer f la sk s  con ta in ing  500 ml of medium and in cu b a te d  a t  30 C on 
a rotary sh a k er  for 48 to  60 h o u rs .  The c e l l s  w ere  h a rv e s te d  by c e n tr ifu ­
ga tion  and  w a sh e d  th r ice  w ith s te r i le  s a l in e .
A th ick  c e l l  su sp e n s io n  w as  made in  w a te r  and c e l l s  w ere  broken  by 
so n ic a t io n  for 3 m inutes; 3 volum es of ace to n e  were th en  added  and the  
mixture w a s  s t i r red  for about 2 hours at 25 C . The c e l l  re s id u e  w a s  
removed by f i l t ra t io n  or cen tr ifu ga tion  and w ashed  two or th re e  t im es  w ith  
a ce to n e  and the  e x tra c ts  poo led .
O ne-fourth  volume of 4% KOH in  methanol w as  ad d ed  to  th e  a ce to n e  
e x tra c t  con ta in ing  the  p igm ents and le f t  at room tem pera tu re  for 30 m inutes 
to  sapon ify  any e s te r s  th a t  might have been  p re se n t .  The p igm ents  w ere  
th e n  ex tra c ted  w ith  3 volum es of petroleum  e ther  (B.P. range  3 0 -60  C ) .
The ex tra c t io n  of p igm ents in to  petroleum  e th e r  w a s  en h an c ed  by th e  
ad d it io n  of 5 M N aC l. The aqueous p h a se  w as e x tra c te d  once  or tw ice  
w ith  th e  petro leum  e the r  and d is c a rd e d .  The petroleum  e th e r  so lu t io n  w as  
th e n  w a sh e d  se v e ra l  t im es w ith  (0.9%) sodium chloride  s o lu t io n .
Petroleum  e th e r  w a s  rem oved in  a  f lash  evaporator (Buchler In s t ru m e n ts ) . 
The l a s t  t r a c e s  of w a te r  w ere  removed by add ition  of anhydrous  m ethyl
i
a lc o h o l  follow ed by ev ap o ra tion  of the so lven t w ith  a s tream  of n itrogen  
g a s .  Som etim es pigm ents w ere  re d is so lv ed  in  methyl a lc o h o l  a t  th is  
s ta g e  and sodium  su lfa te  w a s  added and  left for 1 to 2 hours a t  room 
te m p e ra tu re , in  order to  remove any w a te r  p r e s e n t . The so lu t io n s  w ere  
f i l te re d  and evapora ted  to  d ry n ess  in n itrogen g as  . ..Finally th e  dry 
pigm ents w ere  d is so lv e d  in  a b so lu te  e thy l a lcoho l for fu rther  a n a ly s i s .
Total p ig m e n ts . For the  e s t im a tio n  of to ta l  p igm ents th e  method 
of T heriau lt (1965) w as  u se d  w ith  s l ig h t  m odifica tions . C .  equ i (10146) 
cu ltu re  w a s  grown in  BHI broth on a sh ak e r  at 30 C for 36 to  48 hours-and  . 
th e  c e l l s  w ere  cen tr ifuged  and w ash ed  th ree  t im es with s te r i l e  w a te r .
i
One portion  of c e l l s  w a s  p lac ed  in  aluminum d isc s  (in t r ip l ic a te )  w hich  
had  b e en  p reh ea ted  and p rew eighed  to co n s tan t  w e ig h t . The c e l l s  w ere  
d ried  for 1 hour a t 110 C prior to  w e igh ing . The d e n s i t ie s  of c e l l
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s u s p e n s io n s  w ere  m easured  at 600 nyj. The s tan d a rd  curve of dry w e ig h ts  
v s  o p t ic a l  d e n s i t ie s  w as  o b ta ined  a s  show n in  Figure 1.
Fifty mg (dry w eigh t b a s is )  of c e l ls  w ere  p lac ed  in  a Pyrex g l a s s  t e s t  
tu b e .  The sam ple  w a s  cen tr ifuged  a t  2000 rpm for 30 m inutes and th e  
su p e rn a ta n t  flu id  w a s  a sp ira te d  carefu lly  w ithou t d is tu rb ing  th e  c e l l  m a s s .  
A one ml amount of 10 N KOH, con ta in ing  2.5% sodium  a sc o rb a te  to  s t a b i ­
l iz e  th e  p ig m e n ts , w a s  added  to  th e  cen tr ifuged  c e l l s . The sam p le s  w ere  
mixed thoroughly and p laced  in  a  60 C bath  for 10 m in u te s .  A 5 ml amount 
of m ethyl a lcoho l w a s  added to  e ac h  t u b e . The sam ple  w as  f i l te re d  or 
cen tr ifug ed  and abso rbancy  w as  m easured  at 464 mp u s ing  c e l l s  grown in  
sy n th e t ic  medium w ithout th iam ine  a s  co n tro l .  In th is  w ay to ta l  p igm ents 
w ere  re p re se n te d  in  term s of abso rb ancy  a t  464 mp. The a n a ly se s  w ere  
a ls o  done on th e  c e l l s  grown in  sy n th e tic  medium p lus  varying c o n c e n tra ­
t io n  of th ia m in e .
C o lo r le ss  c e l l s  of C . equi w ere  ob ta ined  by growing th e  c e l l s  in  
tryp tone  medium (0 . 2%) or in  sy n th e tic  medium w ithout th iam ine  in c u b a te d  
a t 30 C on a sh a k e r  for 24 to  36 h o u rs .  The c e l ls  grown in th is  w ay w ere  
devo id  of co lored  ca ro teno id s  a s  determ ined by th in  la y e r  chrom atography . 
To o b ta in  th e  crop of c o lo r le s s  c e l l s ,  an inoculum  of one loopful (0 .3  mm 
loop) per 500 ml volume of medium w as  u se d .
Thin lay e r  chrom atography of the  p ig m e n ts . W ith  the  he lp  of a 
sp re a d e r  w ith  th ic k n e s s  regu la to r  (D esaga C o . , H e id e lberg , G erm any , 
M odel N o. 611) th in  lay e r  p la te s  w ere  p rep a red . G la s s  p la te s  of uniform
Figure 1. The re la t io n  of dry w eigh t of c e l l s  of C . equi to  o p tica l  
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th ic k n e s s  (4 mm) 20 x  20 cm w ere  u s e d .  Fifty gram s of S i l ic a  G el G
(M erck , Germany) w ere  even ly  mixed w ith  100 ml of d is t i l le d  w a te r  in  a 
W aring b lendor for 30 s e c o n d s .  The s i l ic a  ge l-, slurry  w as  im m ediate ly  
tran s fe r red  to  th e  open sp read e r  on w hich  th e  th ic k n e s s  of 0 .5  mm had 
b e en  p rev iou s ly  s e t .  The p la te s  w ere  le f t  in  p o s i t io n  for 2 h o u rs ,  then  
p lac ed  in  th e  drying c a b in e t . P la te s  w ere  a c t iv a te d  before  u se  by hea ting  
to  110 C for 30 m in u tes .  Extracted  p igm ents in  e thano l w ere  ap p lied  to  
the  s i l i c a  g e l  p la te s  with the  a id  of a  m ic ro p ip e t te .
A so lv en t mixture con ta in ing  b e n z e n e , methyl a lcoho l and  a c e t ic  
ac id  (87:11:2) a llow ed  good s e p a ra t io n .
R ectangu lar chrom atographic  ta n k s  w ere  u se d  to develop  th e  chrom ato­
gram . After th e  chromatograms w ere  d e v e lo p ed , th e  p la te s  w ere  t ran sfe rred  
in to  a  n itrogen  a tm osphere  in  a  g love  bag (I2R C he ltenham , P a . Model . 
X-17-17) which w as made se lf -su p p o r tin g  w ith the  a id  of a  t in k e r  toy 
s e t  (model 136). The sp o ts  w ere  rem oved from th e  chromatogram by 
su c t io n  in to  a  tube  con ta in ing  5 ml of e thy l  a lc o h o l .  Enough m ateria l 
w a s  c o l le c te d  to  determ ine the  s p e c t r a .  S i l ic a  g e l  w a s  se p a ra ted  by 
f i l tra t io n  or cen tr ifuga tio n .
N u tr itiona l fac to rs  and p igm en ta tion . Numerous w a te r  so lub le  
v i ta m in s , purines and pyrim idines and  su b s ta n c e s  re la te d  to  th iam ine 
w ere  t e s te d  for th e ir  a c t iv i ty  in  in fluencing  p igm en ta tion . S tandard  s o lu ­
t io n s  of b en zo th ia zo le  (M atheson , C o lem an , and  Bell C o .)  and th ia z o le  
(C hem icals Procurement Laboratories) w ere  made by d isso lv in g  in
24
a b so lu te  e thy l a lcoho l; further d ilu tions  w ere  carr ied  out in  d i s t i l l e d  
w a t e r .
S u sc e p t ib i l i ty  to  ch lo ram p h en ico l . Various le v e ls  of ch lo ram phen ico l 
(Parke, D avis  and  C o . , D e tro i t ,  M ichigan) w ere  added  to  the  sy n th e tic  
medium con ta in ing  th iam ine  and c e l l  d e n s i t ie s  w ere  read  a t  600 mu.
T - tu b es  w ere  u se d  a s  p rev ious ly  d esc r ib ed  conta in ing  5 ml medium in  
each  tu b e .
The induction  of ch rom ogenes is  by th ia m in e . C o lo r le s s  c e l l s  of 
C . equi w ere  su sp en d e d  in  sy n th e tic  medium to o b ta in  10% tran sm it ta n ce  
a t 600 mu. Five ml portions of th e s e  su spend ed  c e l l s  w ere  d is t r ib u te d  in  
50 ml Erlenmeyer f l a s k s ,  O n e - ten th  ml con ta in ing  30 ug of th iam in e  w as 
added  to  each  f l a s k .  F la sk s  w ere  in cu b a ted  at 30 C on a  ro tary  sh a k e r .
At 30 minute in te r v a l s ,  0 .1  ml conta in ing  100 ug of ch lo ram phen ico l w as  
added  to  se p a ra te  f la s k s  during in cu b a tio n .  This g ave  a  ch lo ram phen ico l 
c o n cen tra tio n  of about 19 .2  u g /m l .  After 18 hours th e  c e l l s  w ere  c e n t r i ­
fuged and the  co lo r  of th e  c e l l  m ass v isu a l iz e d .
RESULTS
M orpholog ica l and  cu ltu ra l  c h a ra c te r is t ic s
M orpholog ical and cu ltu ra l  c h a ra c te r i s t ic s  of C . equi and .C  . hoaq ii  
w ere  found to  be a s  d e sc r ib e d  by e a r l ie r  w orkers (C arrier, 1963). Both 
c o cc o id  and e lo n g a ted  c e l l s  w ere  observed ; cocco id  c e l l s  predom inated  
in  liqu id  cu ltu res  in c u b a te d  on a sh a k e r .  Rudimentary b ranching  w a s  so m e­
tim es  o b se rv ed  but co n d it io n s  favoring the  developm ent of b ra n c h e s  w ere  
not de te rm in ed . The c u ltu re s  w ere  G ram -p o s it iv e  on a l l  media t e s t e d  and 
w ithou t regard  to  a g e .  M etachrom atic  g ranu les  w ere  read ily  ob se rv ed  in  
c e l l s  grown in  broth w hen  s ta in e d  w ith L oeffler 's  m ethylene b lu e .
W hen the  c u l tu re s  w ere  p la ted  o u t ,  two k inds of c o lo n ies  w ere  noted  
a f te r  in cu b a tio n  for one day; a re la t iv e ly  la rge  co lo ny , about 1 to  2 mm in  
d iam ete r  and a sm a lle r  c o lo n y , about 0 .1  mm in d iam ete r .  After in cu b a tio n  
for 2 to  3 days  a l l  the  c o lo n ie s  w ere  approxim ately  equal in  s i z e .  W hen 
th e  two ty p es  w ere  i s o la te d  and su b jec ted  to  numerous b io ch em ica l  t e s t s ,  
th ey  w ere  found to  be in d is t in g u is h a b le . No further study  w a s  made of 
th i s  v a r ia t io n .
In 0.01% co n ce n tra t io n  of po tass ium  te l lu r i te  in  pep tone  or t ry p to se  
a g a r ,  a l l  th e  s t ra in s  grew and produced grey to b lack  c o lo n ie s .  No growth 
occurred  on EMB agar and M acConkey ag ar  in  7 d a y s ,  but on b r i l l ia n t  g reen  
la c to s e  b i le  agar  co lo n ie s  a p p ea red , surrounded by a b lue z o n e .  C a rr ie r  
(1963) obse rved  growth of th e s e  organism s in  2% and 5% b i le  b ro th .  Only
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two other of the  s p e c ie s  of C orvnebacterium  l i s te d  in  B ergey 's  M anual 
(Breed e t a l . , 1957) are ab le  to  grow in b i le  s a l t s  broth (Carrier, 1963) 
and th e s e  have  b e en  show n to  be  G ram -n eg a tiv e  organism s improperly 
c la s s i f i e d  in  th e  genus .
C u ltu re s  of C . equi and C . hoaq ii fa i led  to  grow in  c i t ra te  b ro th , 
w ere  neg a tiv e  for methyl red t e s t  and  did not produce a c e ty lm e th y l-  
c a rb in o l,  in d o le ,  hydrogen su lph ide  and n i t r i te .  T hese  re su l ts  are  in 
agreem ent w ith  C arrie r  (1963); how ever, C arrie r  reported  th a t  C . hoaqii 
but not C_. equi h a s  th e  ab il i ty  to  hydro lyse  sodium h ip p u ra te . I found
i
th a t  both w ere  ab le  to  hydro lyse  sodium h ip p u ra te .
P h y s io lo g ica l  c h a ra c te r i s t ic s
T hese  s p e c ie s  are  h ighly  aerob ic  and fa i led  to  accum ulate  enough 
a c id  in  the  con ven tio na l  Durham ferm enta tion  tu b es  to  change  th e  color 
of A ndrade 's  in d ic a to r .  In OF (ox idation-fe rm entation) medium s ligh t 
ac id ity  appeared  a t  the  su rface  w hen  c e r ta in  carbon  sou rces  w ere  em ­
ployed (Table 1). The s l igh t rea c t io n s  may ex p la in  the d isc repan cy  in 
th e  l i te ra tu re  a s  to  the  "ferm enta tion" of c e r ta in  s u g a rs .  C arr ie r  (1963), 
found ac id  produced by C . hoaq ii only in  r ib o se  and g lu c o s e ,  w h ile  o thers 
have  reported  ac id  a ls o  in  su c ro se  and  m altose  (Hoag, 1907), or in
l
su c ro se  but not in  m altose  (M orse, 1912).
It w as  reported  long ago (Bruner and Edwards, 1941) th a t  g lu co se  
s t im u la te s  th e  growth of C_. e q u i , though th ere  w as  no ev idence  th a t  1 
g lu c o se  w a s  u t i l iz e d .  M erchant and Packer (1956) reported  tha t  g lu co se
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Table 1. R eaction  of C . equi and C.. hoaq ii  in  OF medium .*
O rqanism s
Sugar
te s te d
C . equi 
(10146)
C . equi 
(6939)
C . equi 
(7698)
C . equi 
(7699)
C . hoaqii 
(7005)
Ribose SA SA SA SA SA
Xylose SA a a a SA
Arabinose SA a a a SA
G a la c to s e a a a a a
G lucose A A a a A
Fructose SA a a a SA
Rhamnose a a a a a
M annose a a a a a
S ucrose a a a a SA
L actose a a a a a
Trehlose a a a a a
M elib iose a a a a a
C e llo b io se a a a a a
M altose a a a a A
*Final r e s u l ts  show n in  th is  ta b le  w ere  recorded  a f te r  5 w e e k s .  U ninocu­
la te d  medium w a s  b lue  in  co lo r .
A = acid ; SA = s l ig h tly  ac id ; a  = a lk a l in e . All r e a c t io n s  w ere  in  upper 
part of t u b e s .
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w as  u t il ized  w ithou t a c id  p roduction . They noted  the  growth s tim ula tion  
in  the  p re sen c e  of g lu c o s e .  I obse rv ed  th a t  growth of jC_. equ i appeared  to  
be b e tte r  in  m edia con ta in ing  g lu c o s e ,  and se t  up an experim ent to  m easure 
the  growth re sp o n se  of th e  o rgan ism  to the  carbohydra tes  w h ich  showed 
some a c id ic  re a c t io n  in  OF medium. The re s u l ts  are  p re se n te d  in  Table 2 
and Figure 2 .
All th e  ca rb ohyd ra te s  t e s te d  show ed some s t im u la tion  of grow th . 
G lucose  gave th e  g re a te s t  s t im u la tion  a fte r  108 h o u rs ,  but r ib o se  showed
I
ea r l ie r  s t im u la tio n .  A s im ila r  experim ent with_C_. hoaq ii gave  e s s e n t ia l ly  
the  same r e s u l t s  (Table 2 and Figure 3). R ibose and g lu c o se  w ere  apparently  
about equally  e ffe c t iv e  in  stim ula ting  th e  growth of th e s e  o rg a n is m s . Both
I
of th e s e  sugars  show ed a s ig n if ic an t  drop in  pH of the  medium; x y lo se  and 
fructose  show ed s l ig h t  ch an g e s  in  pH and s l ig h t  s t im u la tion  of grow th .
To determ ine  th e  ex ten t  of g lu co se  u t i l iz a t io n  by C . equi and C . 
hoaqii in  1% g lu c o se  b ro th , q u a n ti ta t iv e  suga r  de te rm ina tions  us ing  the  
phenol method w ere  made a t  12 hour in te r v a l s .  The r e s u l ts  a re  shown in 
Figures 4 and 5 .  W ith both o rgan ism s th ere  w a s  a s tead y  in c re a s e  of 
growth throughout-the  period of s tu d y , but th e re  w as  no d e te c ta b le  change . 
in  pH or in  sugar  c o n te n t .
S ince  minute d if fe ren ces  in  sugar c o n cen tra tio n s  w ould  not be 
de tec ted  in  1% so lu t io n ,  cu ltu res  w ere  prepared  in  broth con ta in ing  only 
100 jug of suga r  per m l. The r e s u l ts  are  p re sen te d  in  F igures 6 and 7 .
i
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Table  2 .  The e ffec t of carbohydrates  on th e  growth of C . equi
(ATCC.10146) a n d C .  ho aq ii  (ATCC.7005) in  tryp tone  m edium .*
Sugar
added
O .D . a t 600 mil Final
nH24 hr. 48 72 96
C . equi
None 0.05 0 .11 0 .1 4 0 .1 6 7 .5
G lu co se  1% 0.07 0 .3 0 .5 4 0 .72 7 .5
F ruc tose  1% 0.05 0 .1 6 ,0.24 0 .3 1 7 .3
Ribose 0.5% 0.11 0 .45 0 .5 9 0 .65 6 . 0
Xylose 0.5% 0.05 0 .1 9 0 .3 1 0 .38 6.8
C . hoaq ii
None 0 .05 0 .0 8 0 .0 8 0 .11 7 .5
G lucose  1% 0.06 0 .15 0 .3 3 0 . 6 6 .5
Fructose  1% 0.04 0 .0 8 0 . 1 0 .16 7 .3
Ribose 0.5% 0.06 0 .2 4 0 .4 8 . 0 .7 1 5 .5
Xylose 0.5% 0.05 0 .1 0 .2 4 0 .36 7 .0
*B asal medium: tryp tone , 0.2%; d ip o ta ss iu m  p h o sp h a te ,  0.03%; and 
sodium ch lo ride  0 .5% , pH 7 .0 .
IFigure 2 .  The e ffec t of carbohy d ra tes  on th e  growth of C . equi 
in  tryp tone  medium. D ata  from Table  2.
0—0 Basal medium
A—A d(-) lev u lo se  1 . 0 %
□ —Q D -x y lo se 0 .5  "
• ---• G lucose 1 .0  "
A—A d - r ib o se 0 .5  "
IO P T I C A L  D E N S I T Y  (6OO0111) 















Figure 3 .  The e ffec t  of carbohydrates  on th e  growth of C_. hoaq ii  
in  tryp tone  medium. Data from Table 2 .
o— o B asa l  medium 
A—a  d(-) Jevu lose  1 . 0%
o—o D -x y lo se  0 .5  "
G lu c o se  1 .0 "
*  d - r ib o s e  0.5;"
i




Figure 4 . The growth of C . equ i in  tryp tone  g lu co se  (1%) b r o th .
o— o O p tica l  d en s i ty  
pH
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Figure 5 .  The growth of C .  hoaqii in  tryp tone  g lu co se  (1%) b ro th .
o— o O p tica l  d e n s i ty  
& ^  pH
^  G lu c o se  co ncen tra tio n
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IFigure 6 . U t i l iz a t io n  of g lu c o s e  by C . equi in  tryp tone  medium 
con ta in ing  100 u g /m l  of g lu c o s e .
°—o O p tica l  d e n s i ty  . .
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Figure 7 . U ti l iz a t io n  of g lu c o s e  by C_. hoaq ii  in  tryp tone  medium 
con ta in ing  100 jug/ml of g lu c o s e .
°—o  O p tica l  d e n s i ty
G lu c o se  c o n ce n tra t io n
/
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The d isa p p e a ra n c e  of g lu c o se  co rresponded  c lo s e ly  to  the  growth curve of 
the  cu ltu re  and  80 ug of g lu co se  w ere  u t i l iz e d  in  5 d a y s .  Unlike the  p re ­
v ious t e s t s ,  how ev er ,  th e  growth curve te n d e d  to  f la t te n  out a f te r  about 
60 h o u rs .
I
T hese  r e s u l t s  su g g e s te d  th a t  g lu c o s e  le v e ls  below 100 ug might not 
be su ff ic ie n t  for optimum growth of th e s e  o rg a n is m s . C u ltu res  w ere  pre*- 
pa red 'w ith  g lu c o s e  co n ce n tra t io n s  varying from zero  to  1000 u g /m l ,  and  
o p tic a l  d e n s i ty  w a s  m easured  a t 12 hour in te rv a ls  for 96 hou rs .  The 
re s u l ts  are  show n in  Table 3 and F igures 8 and  9 .  The da ta  in d ica te  th a t  
a t  60 hours th e  e ffec t  of 100 ug  on growth w a s  p rac t ic a l ly  maximum; at 
the  1000 ug le v e l ,  growth w a s  s t i l l  p rog ress ing  a fte r  96 h o u rs .  C o n c en ­
tra t io n s  below  100 u g /m l  produced p ro g ress iv e ly  more growth a s  the  
c o n cen tra tio n s  w ere  in c re a s e d .  The re s u l ts  of com parison  of media for 
th e  growth of C .  equi and C . hoaq ii  a re  p re se n te d  in  Table 4 and F igures 
10 and 11. T hese  re s u l ts  in d ic a te d  th a t  a c e ta te  s t im u la te s  b e tte r  growth 
th an  g lu c o s e .  Further ev iden ce  of g lu co se  u t i l iz a t io n  w as  obtained  
using  g l u c o s e - l - C 1^ .  The re s u l ts  (Table 5) in d ic a te  the  defin ite  p ro ­
duction  of C O 2 and  verif ied  the  u t i l iz a t io n  of g lu c o s e .
The s t im u la tio n  of growth by g lu co se  w hich  w as  u til ized  in  such 
minute q u a n ti t ie s  su g g e s te d  the  d e s i ra b i l i ty  of se t t in g  up t e s t s  in  
W arburg v e s s e l s  to  m easure  oxygen up take  w ith th e  ca rbo hyd ra te s .
T hese  r e s u l ts  are  show n in  Table 6 and F igures 12 and 13. None of 
th e  ca rbohydra tes  t e s te d  show ed much ac tiv ity ;  g lu co se  w as the  most
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Table 3 .  Growth of Cjt equi and  C_. hoaq ii  in  tryp tone medium w ith  
d iffe ren t c o n ce n tra t io n s  of g l u c o s e .
G lucose     P . P .  a t  600 mu
u g /m l___________12 h r .  24 36 48 60 72 84 96
:. equi 
0 0 .03 0 .07
1
0 .1 0 .11 0.13 0 .13 0 .1 5 0 .16
10 0 .0 3 0 .08 0 .1 4 0 .17 0 .17 0 .2 0 .22 0 .23
20
1
0 .03 0 .08 0 .18 0 .2 0 .23 0 .2 4 0 .25 0 .27
40 0 .0 3 0 .08 0 .18 0 .2 3 0 .23 0 .2 7 0 .2 8 0 .29
60 0 .0 3 0.1 0 .21 0 .2 8 0 .33 0 .3 4 0 .3 6 0 .37
80 0 .0 3 0.1 0 .21 0 .2 3 0.3 0 .3 2 0 .3 4 0.35
100 0 .03 0.11 0.22 0 .3 0 .38 0 .3 9 0 .4 1 0 .42
1000 0 .0 3 0.11 0.22 0 .3 0 .48 0 .5 8 0 .7 0 .75
!. hoaq ii
0 0 .03 0.05 0 .0 6 0 .08 0.1 0 .11 0 .12 0.13
10 0 .0 3 0.05 0 .07 0 .09 0.12 0 .13 0 .15 0 .16
20 0 .0 4 0 .06 0 .1 0 .12 0 .14 0 .1 7 0 .1 9 0.21
40 0 .0 4 0 .0 6 0.12
1
0 .1 6 0.19 0 .2 0 .22 0 .23
60 0 .0 4 0.07 0.12 0 .18 0.22 0 .2 3 0 .25 0 .26
80 0 .0 4 0 .08 0 .14 0 .21 0.25 0 .2 6 0 .2 7 0 .28
100 0 .0 4 0 .08 0 .14 0 .21 0.28 0 .29 0 .3 0 .31
1000 0 .0 4 0 .08 0 .15 0 .25 0.43 0 .5 5 0 .7 0.8
/Figure 8 . Growth of C . equi in  tryp tone  medium with d ifferent 
co n cen tra tio n s  of g lu c o s e .  D ata  from Table 3 .
o—o No g lu co se
A A  20 u g /m l  of g lu co se
□—□ 60 " "
•  100  "
A—A  1000 "
I
o p t i c a l
° £ " S ’ n <‘ ° 0 r , u >
Figure 9 . Growth of C . hoaq ii  in  tryp tone  medium w ith d ifferent 
c o n ce n tra t io n s  of g lu c o s e .  D ata  from Table 3 .
o—o 
o—a
No g lu co se  
20 u g /m l  of g lu c o se  
60 "




























Table 4 . C om parison  of media for the  growth of C .  equi and C . h o a q i i .
O .D . at 600 mu
Medium 24 h r . 48 72 96
C . equi
Tryptone 0.2% 0 .0 6 0.11 0 .13 0.15
Tryptone 0.7% 0 .2 0.47 0 .55 0 .63
Tryptone 0.2% 
A cetate  0.5%
0 .1 9 0.68 0.77 0 .84
Tryptone 1.2% 0 .35 0 .81 0 .94 1.0
Tryptone 0.2% 
G lucose  1.0%
0 .0 8 0.3 0 .51 0 .69
Tryptone 1.7% 0 .3 9 0.95 1.15 1.25
Tryptone 0.2% 
G lucose  1.0% 
A ceta te  0.5%
C . hoaaii
0 .1 6 0.65 0.75 0 .82
Tryptone 0.2% 0 .05 0.09 0.12 0 .15
Tryptone 0.7% 0 .1 8 0 .44 0 .48 0 .52
Tryptone 0.2% 
Acetate  0.5%
0 .18 0 .42 0 .48 0 .52
Tryptone 1.2% 0 .3 8 0.74 0.8 0 .85
Tryptone 0.2% 




Tryptone 1.7% 0 .5 0 .94 1.05 1.2
Tryptone 0.2% 
G lucose  1.0% 
A cetate  0.5%
0 .21 0.47 0.53 0 .58
*A11 media have K2HPO4 , 0.03%; and NaCl 0 .5% .
Figure 10. C om parison  of media for th e  growth of C .  e q u i.  
D a ta  from Table 4 .
°—° Tryptone 0.2%
^ ^  G lu c o se  1.0% 
a— a A ceta te  0.5%
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f ig u re  .11. C om parison  of m edia for th e  growth of C .  h o a q i i . 
D ata  from Table 4 .
0—° Tryptone 0.2%
G lu c o se  1.0%
D— □ A ceta te  0.5%










DENSITY ( 6 0 0  m u )
60
I43
Table 5 . D is t r ib u t io n  of C 1^ from g l u c o s e - l - C 1^ in  cu ltu res  of C . equi 
and  C . h o a q ii .
Fraction*
C . equi C . hoaq ii
C orrected** % a c t iv i ty C orrec ted % a c t iv i ty
I 18837- 8 .35
f
2662 0 .70
II 253 0 .11 999 , 0 .23
III 0 0.0 112 0.02
IV 10184 ' 4 .4 7 14368 3 .78
Protein 6047 2 .68 13515 3 .55
C 0 2 91071 4 0 .4 0  , 268852 70 .81
Supernatan t 99027 4 3 .92 79141 20 .84
Total 225419 99 .93 379649 9 9 .93
*Refer to  p a g e s '15 t o  18.
**D is in te g ra t io n s  per minute.
44
Table 6 . O xygen up tak e  w ith  c e r ta in  c a rb o h y d ra te s .
Time Oxvaen up take
(min) endogenous g lu c o s e d(-) le v u lo se D -x v lo se d - r ib o se
C .  eaui 
10 2 0 .7 24 .5
M ic ro li te rs  —  
2 1 .7 20 .6 25 .4
20 2 8 .5 3 8 .0 3 1 .1 2 9 .6 36 .8
30 3 3 .7 4 6 .6 3 7 .9 3 7 .3 4 4 .5
40 3 7 .6 5 5 .2 4 2 .0 4 3 .7 5 0 .8
'50 3 8 .9 6 2 .6 4 6 .0 4 7 .6 5 5 .9
60 4 4 .0 6 9 .9 5 0 .1 5 2 .7 63 ,5
C .  hoaaii 
10 3 1 .4 40 .5 2 8 .8 3 3 .1 33 .5
20 45 *8 62 .7 3 9 .6 4 8 .4 4 7 .2
30 5 5 .0 7 7 .1 4 6 .8 61 .1 5 7 .1
40 6 4 .1 9 2 .7 5 1 .6 70 .0 67 .0
50 7 0 .7 105.8 5 6 .4 78 .9 73 .2
60 7 7 .2 118.8 62 .4 87 .8 8 1 .9
Warburg f l a s k s  co n ta in e d  0 .5  ml of 0 .2 M  ph o sp h a te  buffer pH 7..2, 0 .5  ml 
of s ta n d a rd ize d  c e l l  su s p e n s io n  and 25 m icromoles su b s tra te ;  0 .1  ml of 20% 
KOH w as  p la c e d  in  th e  c e n te r  w e l l .
Figure 12. Oxygen up take  by C . eau i w ith  c e r ta in  c a rb o h y d ra te s .
D a ta  from Table 6 .
° Endogenous 
a“ a  d (-) le v u lo se  .
•—• D -x y lo se  
n—n d - r ib o se  
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Figure 13. Oxygen uptake  by C . hoaq ii w ith  c e r ta in  c a rb o h y d ra te s .
D ata  from Table 6 .
o— o Endogenous 
A A  d(-) lev u lo se  
•— • D -x y lo se  
a— D d - r ib o se  
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a c t iv e  but the  oxygen consum ed am ounted  to  only 50% more th a n  th e  
endogenous c o n tro l .  F ruc tose  a p p ea red  to  exer t  a  s l ig h tly  to x ic  e ffec t 
on th e  c e l l s  of C .  h o a q i i , d e p re s s in g  oxygen consum ption .
To ga in  a  b e tte r  unders tand in g  of th e  m etabolism  of th e s e  s p e c i e s , 
W arburg s tu d ie s  w ere  carr ied  out w ith  some common organic  a c id  n u tr i-  
l i t e s .  The d a ta  are  p resen ted  in  Table  7 and F igures 14 and 15. Only 
a c e ta te  re s u l te d  in  high oxygen u p ta k e ,  though  a l l  th e  a c id s  t e s te d  
show ed more a c t iv i ty  th an  the  c a rb o h y d ra te s .
In  l ike  manner sev era l  o ther  s u b s t r a te s  w ere  t e s t e d ,  and th e  d a ta  
are p re sen te d  in  Table 8 and F igures  16 and 17. Butyric a c id ,  l a c t i c  a c id ,  
bu tano l and  e thano l appear to  be e x c e l le n t  m etabo lic  s u b s tra te s  for th e s e  
o rg a n is m s .
The fac t th a t  g lu co se  perm its  abundant growth of th e s e  s p e c i e s ,  
though u t i l iz e d  only slowly and in  m inute am o u n ts ,  su g g e s ts  th e  p o s s i ­
b ili ty  th a t  the  organism s may la c k  an  e ffe c t iv e  pe rm ease  sy s te m  for 
g lu c o s e .  P oss ib ly  g lu co se  could  b e  u t i l iz e d  more rea d ily  if  i t  cou ld  be 
in troduced  in to  th e  ce l l  more ra p id ly .  An experim ent w as  d e v ise d  to  t e s t
the  a b il i ty  of enzym es w ith in  th e  c e l l  to  a t ta c k  g lu c o s e .  The d a ta  o b -
/
ta in ed  w ith  c e l l  ex tra c ts  in  W arburg s tu d ie s  in d ic a te d  th a t  g lu c o se  i s  not 
read ily  m etabo lized  by enzym es of th e  c e l l s  (Figure 18).
I s  i t  p o ss ib le  tha t  the  p re s e n c e  of minute amounts of g lu co se  
enables th e  c e l ls  to  improve th e ir  arm am entarium  of enzym es so  th a t  
b e tte r  u se  can  be  made of o ther com ponents of th e  medium ? After th is
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Table 7 . Oxygen uptake  w ith  c e r ta in  a c i d s .
Time Oxyqen up take
(min) endoqenous fum arate su c c in a te a c e ta te q lu tam ate c i tra te
C . equi
•M icroliters -  •
10 1.3 5 6 .4 6 6 .3 173.6 4 5 .9 5 2 .1
20 7 .8 9 0 .8 109.7 339 .5 7 4 .5 ,72.4
30 2 3 .3 136.2 170.6 536 .3 109.2 90 .2
40 4 2 .8 141.0 22 4 .8 663 .6 139.0 105.4
50
i
4 9 .3 2 0 6 .0 2 85 .7 7 78 .0 165 .1 117.0
60 6 1 .0 2 5 6 .4 3 4 2 .6 865 .5 192 .4 to CO CO
C .  hoaq ii
10 45 .7 5 1 .2 5 1 .1 151.5 3 3 .6 4 6 .6
20 66 .0 70 .9 73 .3 3 17 .4 6 4 .8 66 .2
30 81 .3 90 .6 9 1 .6 4 76 .7 108 .0 CO 00
40 95 .3 110.3 107.3 5 65 .5 127.2 100.6
50 ' 106.7 126.0 120.4 6 46 .5 177.6 113.3
60 115.6 140.5 130.9 7 14 .4 '2 0 8 . 8 124.8
W arburg f la sk s  con ta ined  0 .5  ml of 0 .2 M  p hosp ha te  buffer, pH 7 .2 ;  0 .5  ml 
of s tan d ard ized  c e l l  su s p e n s io n  w ith 25 m icrom oles s u b s tra te s ;  0 .1  ml 20% 
KOH w as  p laced  in  th e  c e n te r  w e l l .
Figure 14. Oxygen uptake w ith  c e r ta in  a c id s  by C_. e q u i . 
D ata  from Table 7 .
o— o endogenous 
c i t ra te  
□—□ g lu tam ate  
•—• fumarate 
*  A su c c in a te  
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Figure 15 . Oxygen up take  w ith  c e r ta in  a c id s  by C_. h o a q i i .
D ata  from Table 7 .
°— o en d og en ous , fu m ara te ,  s u c c in a te ,  and c i t r a te  
° ° g lu tam ate
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Table 8 . Oxygen up take  w ith va rious  s u b s t r a t e s .
; Oxygen up take
Time formic la c t ic bu ty ric
(min) endogenous m ethanol e than o l bu tan o l ac id ac id ac id D L -a lan ine
-  M i c r o l i t e r s -------
C . eau i
10 15.9 2 9 .8 6 5 .6 6 3 .3 3 6 .8 138.8 104.5 8 .9
20 3 3 .1 4 7 .4 126 .0 141.5 5 5 .9 3 1 4 .2 2 50 .7 3 0 .6
30 5 0 .3 6 5 .0 200 .6 261 .9 8 0 .0 4 4 9 .0 3 9 8 .8 5 0 .9
40 • 6 1 .4 7 8 .5 2 9 9 .6 3 8 2 .0 100.3 5 7 8 .0 5 5 0 .0 68 .7
50 ■ 7 7 .3 9 0 .7 3 9 4 .8 5 1 0 .0 119 .4 663 .7 7 06 .1 86 .6
60 -82.2 9 8 .8 4 8 6 .1 6 2 9 .1 133 .4 7 4 7 .4 8 5 6 .8 101.8
C .  hoag ii
10 2 7 .0 33 .9 7 9 .7 7 3 .2 3 3 .0 124.5 113 .0 39 .3
20 4 3 .0 5 2 .8 147.9 160 .0 '5 2 . 1 266 .7 2 6 0 .0 7 9 .8
30 63 .8 7 4 .5 2 45 .6 2 6 9 .0 7 7 .5 3 6 2 .0 3 9 5 .2 120.4
40 7 7 .3 88 .0 3 2 8 .0 3 6 6 .0 9 4 .0 4 3 4 .3 5 7 7 .7 157.1
50 8 9 .6 100.2 4 1 6 .7 4 6 1 .0 113 .0 5 2 2 .0 7 1 3 .0 193.7
60 104.3 115.1 5 1 7 .0 5 6 1 .0 127 .0 5 8 6 .7 8 5 0 .8 2 6 4 .0
W arburg f la sk s  con ta in ed  0 .5  ml of 0 .2 M  p h o sp h a te  bu ffe r ,  pH 7 .2 ;  0 .5  ml of s ta n d a rd ize d  
c e l l  su sp e n s io n  w ith  25 m icromoles s u b s tra te s ;  0 .1  ml 20% KOH w a s  p lac ed  in  th e  c e n te r  w e l l .
Figure . Oxygen up take  w ith  various s u b s t r a te s  by C . e q u i.
D ata  from Table  8 .
o— o e n d o g en o u s ,  m ethano l, and  D L -a lan ine
^ — A formic ac id
O—a , e thano l
•— • butano l
l a c t i c  ac id
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IF igu re  17. Oxygen up take  w ith  v a rious  s u b s tra te s  by C .  h o a q i i .
D ata  from Table  8 .
°—o endogenous and  m ethanol
& formic ac id  
D L -a lan ine  
°— ° e thano l 
• — • bu tano l 
A—A la c t ic  ac id  
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Figure 18. O xygen up take  w ith g lu co se  by a  c e l lu la r  ex trac t  of
C .  e q u i .
o— o e n d o g en o u s .  W arburg f la s k s  con ta in ed  0 .5  ml
c e l l - f r e e  ex tra c t  (3Q mg p ro te in ) ,  0 .5  ml 0 .1 M  
p h o sp h a te  buffer pH 7 and 0 .1  ml 20% KOH in  
th e  c e n te r  w e l l .
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m odifica tion  of the  c e l l  or i t s  com ponents is  th e  con tinued  p re s e n c e  of 
g lu c o s e  n e c e s s a r y ?  In th e  hope of ga in ing  some inform ation  concern ing  
th e s e  q u e s t io n s ,  c u ltu re s  w ere  grown with and  w ithout g lu c o se  for 36 
h o u rs ,  w a sh e d ,  and  each  kind  re su sp e n d e d  and d iv ided  so  one pa rt  w as  
p la c e d  in  g lu c o se  medium and  th e  o ther  in to  tryptone medium free  of 
g lu c o s e .  O p tica l  d e n s i ty  m easurem ents  w ere  made a t  12 hour in te rv a ls  
for 5 days  from th e  tim e of i n i t i a l  in o c u la t io n .  The r e s u l t s  a re  p re se n te d  
in  Figure 19. The g lucose-g row n c e l ls  removed to tryp tone  prom ptly r e ­
v e r ted  to  a  growth ra te  ty p ic a l  of a  su g a r- f re e  medium. C e l l s  rem oved 
from tryp tone  broth to  g lu co se  medium assum ed  the growth ra te  c h a r a c ­
t e r i s t i c  of c e l l s  grown in  g lu c o s e .  O bv io us ly , no a l te ra t io n  of g lu c o s e -  
grown c e l l s  had  occurred  w hich  en ab led  them to  u t i l iz e  o ther  s u b s t r a te s  
in  th e  medium b e t te r  th an  c e l l s  grown in  tryp tone m edium , The con tinu ed  
p re s e n c e  of g lu co se  w a s  n e c e s s a ry  for good growth of the  c u l tu re .
The e ffec t  of va riou s  su b s ta n c e s  on growth and p igm entation  of C . egui 
W hen various v itam ins and  o ther su b s ta n c e s  w ere  t e s t e d  a s  n u tr i­
e n ts  i t  w as  found th a t  maximum growth and pigm entation  o ccu rred  only  in  
th e  sy n th e tic  medium con ta in ing  th iam ine  (Table 9). C . egu i a l s o  grew in  
th i s  medium w hen so lu t io n s  con ta in ing  c e r ta in  com binations of v a r io u s  
amino a c id s  w ere  a d d ed , how ever, chrom ogenesis  did  not o c c u r ,
T h iazo le  and b e n zo th ia zo le  did not enhance  th e  growth and ch rom o genes is  
w hen  added  to  th e  sy n th e tic  medium.
Figure 19. The e ffec t  of medium on growth o f  C .  e g u i .
o tryp tone  to  tryptone 
A—A g lu c o s e  to  tryptone 
d—o tryp tone  to  g lu co se  
g lu c o s e  to  g lu co se
«
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Table  9 .  The e ffec t  of various v itam ins and o ther  com pounds on th e  growth 
and p igm enta tion  of C . eg u i.
Addition to  
B^H medium u g / m l ..
O p tica l d e n s i ty  a f te r  
incuba tion  
.36 h r .  :48 h r .  72 h r . C hrom oqenesis*
None 0 0.02 0 . 02- 0 .05
N ico tin ic  ac id 5 0 .04 0 .05 0 .0 7 -
Riboflavin 5 0 .05 0 .09 0 .11 -
C a pan to th en a te 5 0 .09 0 .15 0 .21 -
B io tin 5 0 .03 0 .04 0 .0 7 -
Folic  ac id 5 0.02 0 .05 0 .0 9 -
Pyridoxin HC1 5 0 .04 0 .05 0 .0 9 -
PABA 5 0.03 0.05 0 .0 7 -
A scorbic  ac id 5 0 .0 4 0 .08 0 .11 -
Thiamine HC1 5 1.25 1.3 1 .3 +
B l2 5 0 .25 0 .3 0 0 .35 -
G uanine  HC1 50 0 .08 0.11 0 . 1 1 -
Adenine SO4 50 0.02 0 .05 0 .0 6 -
Thymine 50 0 .03 0 .04 0 .0 6 -
C ytosine  ■ 50 0.05 0 .0 6 0 .0 8 -
U racil 50 0 .04 0 .05 0 .0 6 -
T hiazo le 1 0 .03 0 .03 0 .0 7 -
T hiazo le 10 0 .03 0 .03 0 .0 7 -
B enzo th iazo le 1 0.02 0 .02 0 .0 4 -
B enzo th iazo le 10 0 ,03 0 .0 4 0 .0 6 -
Amino a c id  mixture (1) - 0 .2 0 .26 0 .3 4 -
Amino ac id  
s u p p le m e n t  1) - 0 0 0 -
B-H medium: Braun and  Hofmeier (1927)
* C e l ls  w ere  cen tr ifuged  and co lor of th e  c e l l  m ass rec o rd ed .
+ = orange yellow ; -  -  c o lo r le s s .
(1) Friedman and R oessler( 1961); equal amounts of double  s treng th  
so lu tio ns  w ere  u s e d .
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In  sy n th e t ic  medium w ithout th ia m in e ,  growth of C . egui occurred  
through se v e n  s e r ia l  t r a n s f e r s . The d e n s i t ie s  of th e  c e l l s  rea ch e d  the  
sam e le v e ls  in  48 hours in  each  t r a n s fe r .  The ad d it io n  of th iam ine  
re s u l te d  in  more luxurian t growth and  c h ro m o g e n e s is .
It w a s  obse rved  th a t  the  sy n th e t ic  medium tu rned  b lu ish  in  24 hours 
and  yellow  in  36 to  48 h o u rs .  W hen  various  c o n ce n tra t io n s  of th iam ine 
w ere  em ployed 5 ng /m l of th iam ine w as  found to  g iv e  maximum growth 
and p igm enta tion  (Figures 20 and 21 ). The e s t im a t io n  of to ta l  pigm ents 
a s  p re sen te d  in  Figure 21 showed th a t  vary ing  c o n ce n tra t io n s  of th iam ine  
c o rre la te  w ith  quan tity  of to ta l  p igm ent. Such c o rre la t io n  a ls o  e x is t s  w ith  
growth (Figure 20).
The pH of sy n th e tic  medium w ithou t th iam ine  reach ed  8 .5  and w ith  
th iam ine  9 .5  in  3 d a y s .
The e ffec t  of d ifferen t com ponents of th e  sy n th e t ic  medium on th e  
growth and p igm entation  of C .  egui i s  show n in  Table 10. Growth and 
p igm enta tion  occurred  only in  the  c u ltu re s  w h ich  c o n ta in ed  th iam in e . 
A sparta te  and c y s t in e  could  be  rep laced  by ( N H ^ S C ^  but growth w a s  
som ewhat red u c ed , how ever, w hen a c e ta te  w a s  rep la c e d  by g lu c o se  no 
growth o ccu rred .  The yellow  co lo ra tion  of c e l l - f r e e  medium w a s  s e e n  only 
in  th e  Braun and Hofmeier medium con ta in ing  e i th e r  a s p a r ta te  or c y s t in e .  
W hen  (NH4)2S0 4  w a s  su b s ti tu te d  for N a2SC>4 th e  ye llow  co lor w as  not 
s e e n  even  in  th e  p re sen c e  of a sp a r ta te  or c y s t in e .
Figure 20 . The e ffec t  of th iam ine on the  growth of C .  egui 
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Figure 21 . The e ffec t  of th iam ine  on pigment production  by 
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T able 10. The e ffec t of com ponents o f th e  sy n th e tic  medium on grow th and  ch rom ogenesis  of C . e g u i .
O .D .  a f te r  48 hr 






Thiamine 1 u a /m l  





1. C om plete  syn the tic** 1 .4 0 . 02 orange yellow none none
2 . L ess  a sp a r ta te 0 .3 0 .0 3 orange yellow none none
3 .  L ess  c y s t in e 0 .6 7 0 .0 3 orange ye llow none none
4 .  L ess  a c e ta te - - - - . -
5 .  L ess  a c e ta te  and c y s t in e - - - - - -
6 . L ess  a c e ta te  and  a sp a r ta te - - - - - -
7 .  L ess  N a2S0 4 , a s p a r ta te ,  
and  p lus  (NH4)2S0 4
1.0 0 .0 8 orange none none none
8 . As 7 l e s s  c y s t in e 0 .75 0 .03 orange none none none
9 .  As 8 l e s s  a c e ta te ,  p lus  
g lu c o se  .
• *” *
10. As 8 p lu s  a sp a r ta te 1.2 0 .0 6 orange none none none
11. As 7 l e s s  a c e ta te - - - - - -
12. As 7 w ith  a sp a r ta te  and 
l e s s  a c e ta te
' '
♦ C u ltu res  w ere  cen tr ifuged  and th e  co lo r  of th e  c e l l  m ass  and su p e rn a tan t  w a s  reco rd ed . 
**N a2S O ^ / 0 .5  g; MgSO/j, 0.005<;g; KH2PO4 , 0 .05  g; K2HPO4 , 0 .1 5  g; sodium a s p a r ta te ,  0 .5  g; 
c y s t in e ,  0 .0125 g; sodium a c e ta te ,  0 .5  g; w a te r  to  100 ml and  pH a d ju s te d  to  7 .
(Braun and Hofm eier, 1927)
-  = no grow th .
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In the  sy n th e t ic  medium, N a2SO ^, a s p a r ta te ,  and c y s t in e  w ere  
replaceable fcy ( N H ^ S C ^  a s  so u rc es  of n itrogen  and su lfu r .  It is  ev iden t 
th a t  C . egui c a n  grow w e ll  on ino rgan ic  n itrogen  and su lfur s o u r c e s .
Induction  of ch rom o genes is  by th iam ine
Various le v e ls  of ch lo ram phen ico l w ere  added  in  the  Braun and 
Hofmeier medium. The d e n s i t ie s  of th e  c e l l s  w ere  recorded  at 600 mu. 
The re s u l ts  are  show n in  Table 11. About 20 jug/ml of ch loram phenicol 
inh ib ited  growth of C . egui com plete ly  during the  o b se rv a t io n  period of 
60 h ours .
W hen c o lo r le s s  c e l l s  w ere  su sp en d e d  in  th e  sy n th e tic  medium (10% 
tran sm it tan ce  a t 600 mu) / th e  add it io n  of ch loram phenico l a f te r  2 hours 
d id not stop  th e  ch rom o genes is  (Table 12).
Oxygen uptake  bv re s t in g  c e l ls  of C . egu i in  the  p re sen c e  of a c e ta te  
C o lo r le ss  c e l l s  w ere  ob ta ined  from tryp tone  medium (0.2%) and 
re s t in g  c e l l  su s p e n s io n s  w ere  p repared  a s  d e sc r ib e d  p rev io u s ly .  One 
portion of re s t in g  c e l l s  w as  su sp en d e d  in  sy n th e t ic  medium conta in ing  
th iam ine and in c u b a te d  on sh ak e r  for ad d it io n a l  3 hours and w a s h e d . 
These c e l ls  w ere  d e s ig n a te d  "thiam ine ex p o sed  c e l l s . " Oxygen up take  
w as  determ ined w ith  both su s p e n s io n s  (Table 13 and Figure 22). The 
r e s u l ts  in d ic a te d  th a t  c o lo r le s s  re s t in g  c e l l s  u t i l iz e d  oxygen  at a lower 
ra te  than  th iam ine  e x p o sed  c e l l s  in  th e  p re se n c e  of a c e ta te .
Table 11. The s e n s i t iv i ty  of C . egui to  ch lo ram p h en ico l.
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C hloram phenicol
u a /m l




2 0 .1 9 1.3
5 0 .0 3 0 .23
10 0. 02 0.03
20 0 0
30 0 0
control* 0 . 02 0.03
*Contro l tu b e s  h av e  no th iam ine  and no ch lo ram ph en ico l .  
Table 12. The in d u c a tio n  of ch rom ogenes is  by th ia m in e .
•Incubation prior to  th e  add ition  
of ch lo ram phen ico l
Flask  No. (19 .2  ua /m l) C hrom oaenesis
1 0 . 0  hr -
2 0 .5 -
3 1. 0 -
4 1.5 -
5 2 . 0 +
6 2 .5 +
7 3 .0 +
8 3 .5 +
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C o lo r le s s  c e l l s Thiamine expo sed  c e l l s
endoqenous a c e ta te th iam ine endoqenous a c e ta te
10 8 . 2 3 3 .4 3 0 .6 7 .6 3 5 .6
20 18 .5 8 9 .8 108.1 15.2 121.9
30 2 5 .3 139 .0 172.6 27 .9 21 8 .4
40 2 8 .6 195 .4 2 37 .1 3 0 .5 3 1 2 .4
50 3 5 .4 2 55 .2 3 24 .3 4 0 .6 4 3 1 .8
60 3 8 .7 3 2 9 .1 3 9 2 .0 5 0 .8 5 3 0 .9
W arburg f la s k s  c o n ta in e d  0 .5  ml of 0 .2 M  phosphate  buffer pH 7 . 2 ,  0 .5  ml 
of s tan d ard ized  c e l l  s u s p e n s io n ,  25 m icrom oles of a c e ta te  and 6 u g /m l  of 
th iam ine  w here  in d ic a te d  in  th e  ta b le  and  0 .1  ml of 20% KOH w as  p lac ed  in  
the  c en te r  w e l l .
Figure 22 . O xygen up take  by c o lo r le s s  c e l ls  of C . egui w ith  a c e ta te .
' D ata  from. Table 13.
/
o—o endogenous w ith  or w ithout th iam ine  exposu re  
w ithout th iam ine  exposure  
°— a w ithou t th iam ine  exposure  but th iam ine  added  
in  the  v e s s e l .





























Pigm ents of C . equi
The to ta l  (combined) p igm ents w ere  red d ish  orange in  co lo r  and 
gave  a  deep  b lue  co lo r  on th e  add ition  of co n cen tra ted  H2SO4 but no 
co lor w ith  HC1. The p a r t i t io n  t e s t  be tw een  90% m ethanol and  petroleum  
e th e r  (30-60 C) by to ta l  pigm ents in d ica ted  both e p ip h a s ic  and  hypho- 
p h a s ic  c h a r a c t e r s . D eveloped  chromatograms w hen  e x p o sed  to  I 2 
a tm o sp h e re /  dem onstra ted  th a t  a l l  the  pigm ents tu rned  b lack  w h ich  
in d ic a te d  abso rp tion  of io d in e .  W hen kept at room a tm o sp h e re /  th e  
b lack  sp o ts  d is a p p e a re d .  This in d ic a te d  th e  u n sa tu ra ted  na tu re  of the  
p igm ents  and b inding of iod ine  p h y s ic a l ly .
The sp e c tra  of th e  to ta l  pigments in  e th an o l are  shown in  Figure 23 . 
P igm ents e x trac ted  from the  c e l ls  grown in  com plex medium and in  sy n ­
th e t ic  medium w ith  added  th iam ine  show ed s im ila r  sp e c t ra  in  th a t  a b so rp ­
t io n  p e ak s  w ere  o b se rved  a t  440 my, 464 my and 495 my. W hen e th an o lic
so lu t io n s  of pigm ents w ere  chrom atographed, s ix  d ifferen t b an d s  w ere
/
e v id en t from c e l ls  grown on try to se  medium w hile  only th ree  w ere  ob ta ined  
w ith  c e l l s  grown on sy n th e tic  medium (Table 14).
T hese  sp e c tra  in d ic a te d  th a t  C .  equi p o s s e s s e s  th e  sam e kind of
/
pigm ents w hether grown in  complex medium or sy n th e tic  medium w ith  
th ia m in e .  The r e s u l ts  of th in  layer  chromatography of p igm ents from 
t ry p to se  grown c e l ls  may be  due to  breaking  down of main pigm ents in to  
se v e ra l  com ponents or rep re se n te d  in te rm ed ia te  s ta g e s  of s y n th e s i s .  
Number 1, 2 / and 3 (Table 14) seem  to  be id e n t ic a l  p igm ents belonging
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Table  14. P igm ents found in  C . equi grown on try p to se  a g a r  and 
sy n th e t ic  m edium .
_______ Absorption maxima in  e th a n o l  (mu)__________
Pigm ents C e l ls  grow-n on 'tryptose  ; C e l l s  grow n on  sy n th e tic
(Ascending Rf va lu es)________  agar (1)______ ;___________medium (2)________
1 . 430* 460 495* — — —
2 . 430* 462 500* - - -
3 . 430* 465 500* 430* 465 500*
4 . 480 480
5 . 455 -
6 . 440 440
(1) Difco #B 64 , dehydrated
(2) Braun and Hofm eier, 1927
* T hese  maxima w ere  s e e n  a s  shoulders rather th an  c le a r  p e a k s .  
-  = No pigment..
i
Figure 23 . The sp e c tra  of the  pigm ents found in  e q u i . grown 
on try p to se  agar  (so lid  line) and  sy n th e tic  medium 
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to th e  sam e c l a s s .  Apparently four d is t in c t  p igm ents w ere  o b ta in ed  
from th e  c e l l s  grown on tryptone medium and th ree  from c e l l s  grown on 
th e  sy n th e tic  medium.
I
DISCUSSION
/  k '
'm«c,ed The enhancem ent of growth of C .  equ i bv g lu c o s e ,  an  o bse rva tion  
*533 '
made long ago in  pep tone  m e d ia , w as  found not to  occu r  in  a sy n th e tic  
medium conta in ing  (NE^JgSC^ a s  n itrogen  so u rc e .  W hen  a c e ta te  w as 
su b s t i tu te d  for g lu co se  a s  carbon  and energy so u rc e ,  good growth occurred
I
in  the  sy n th e tic  medium. The ad d it io n  of g lu co se  to  media conta in ing  
0.5% a c e ta te  d id not enhance  growth of th e  c u l tu re .
The m echanism  by w h ich  g lu c o s e  s t im u la te s  growth in  a  peptone
/
medium is  not c le a r .  That g lu c o se  i s  m etabo lized  very  s low ly  by C .  equi 
i s  in d ic a te d  by the  a lm ost n eg lig ib le  oxygen up take  s e e n  in  W arburg 
s tu d ie s ,  and by the  m inute am ounts consum ed in  growth s tu d ie s  a s  r e ­
v e a led  by iso to p ic  s tu d ie s  and q u a n ti ta t iv e  d e te rm ina tions  of g lu c o s e .
The rap id  consum ption  of oxygen  w ith  a c e ta te  a s  su b s tra te  and  the  a b u n ­
dant growth ob ta ined  w ith  a c e ta te  su g g e s t  th a t  g lu co se  may b e  slowly 
m etabo lized  to  a c e ta te .  The ev id en ce  su g g e s ts  th a t  g lu c o s e  i s  not 
read ily  t ransported  in to  th e  c e l l ,  for c e l l s  removed from a g lu co se  
medium im m ediately revert  to  th e  growth ra te  c h a ra c te r is t ic  of a su g a r -  
free  medium. A lso, i t  seem s th a t- th e  c e l l s  are  d e fic ie n t  in  enzym es 
cap ab le  of degrading g lu c o s e ,  a s  show n by the  in a c t iv i ty  of c e l lu la r  
e x t r a c t s .
The pigm ents of C . equ i have  chem ica l p ropert ies  very  s im ila r  to  
caro teno id  p ig m e n ts . The spectrum  of th e  to ta l  pigm ents co rresponds
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c lo s e ly  to  lyCoxanthin which w a s  c h a ra c te r iz e d  by S tarr and  S a p e rs te in  
(1953). Three of the in d iv idua l p igm ents  (Pigments 1 , 2 ,  and  3 of 
Table 14) have sp ec tra  very s im ila r  to  rub ixan th in  a s  reported  by Karrer 
and Jucker (1950), but p igm ents 4 , 5 ,  and 6 appea r  to  be d ifferen t from 
any o f  the  described  ca ro teno id  p igm ents  and  rem ain  u n id en tif ied .
Of th e  s ix  pigments p re se n t  in  c e l l s  grown on a r t i f ic ia l  medium
i
w hich could  be sep a ra ted  by th in  la y e r  chrom atography, only th ree  could 
be found in  the  c e l ls  grown on a sy n th e t ic  m edium . This may in d ic a te  
that in  c e l ls  grown on a com plex m edium , in te rm e d ia te s  of pigment b io ­
sy n th e s is  accum ulate  to  d e te c ta b le  c o n c e n tra t io n s .  It i s  a lw ays  p o s s ib le ,
i
how ever, th a t  th e  sy n th e tic  medium d o e s  not support the  b io sy n th e s is  of 
a ll th e  p igm en ts . Braun (1949), S ta rr  and S a p e rs te in  (1953), and 
S ch u ste r  et a l .  (1959) s tu d ied  th e  e ffec t  of th iam ine  on p igm entation  
in s p e c ie s  of C o rvnebac te rium . bu t th e s e  w orkers  employed media co n ­
ta in ing  c a se in  h y d ro ly sa te .  In th e  s tu d ie s  w ith  C . equi a  s im ple  sy n ­
th e t ic  medium w as  employed w h ich  a llow ed  for dem onstra ting  th e  effect 
of e ac h  component of the  medium on p ig m en ta tion .
In the  syn the tic  medium th e  amount of p igm ents produced w as  pro­
portional to  the  th iam ine c o n ce n tra t io n  to  a le v e l  of 5 n g /m l . H igher 
concen tra tio ns  of thiam ine d id  not promote fu rther pigment s y n th e s i s .
A s im ila r  co rre la tion  be tw een  grow th and  th iam ine  co n cen tra tio n  e x is te d  
but ev en  l e s s  th iam ine w as requ ired  to  provide a  maximum e ffec t  on 
grow th . Thiamine appears  to  be an  a b so lu te  requirem ent for pigment
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b io s y n th e s is ,  bu t o ther  s u b s ta n c e s  w ere  found to  rep la c e  th iam ine for 
growth in  th a t  ca lc ium  p a n to th e n a te ,  Bx2 ° r  com binations of amino ac id s  
would support growth but not p igm en ta tio n . It seem s th a t  growth and 
pigment sy n th e s is  are  se p a ra te  c e l lu la r  func tions  w h ich  c an  be co n ­
tro lled  by th e  e x te rn a l  en v iro n m en ts .  S c h u s te r  e t  a l .  (1959) made a 
s im ila r  o b se rv a t io n .  From our r e s u l ts  a b io a s s a y  for sm all q u an ti t ie s  
of th iam ine should  be  f e a s ib le  by co rre la t in g  pigm ent formation w ith  
th iam ine co n ce n tra t io n .
Thiamine ev iden tly  in d u c e s  c o lo r le s s  c e l l s  to  form enzym es w hich  
are  invo lved  in  p igm ent b i o s y n t h e s i s . That su ch  may be  th e  c a s e  w as  
in d ic a te d  in  the  experim ents  performed w ith  c o lo r le s s  c e l ls  exp osed  to 
th iam ine  and ch lo ram phen ico l .  W hich  enzym es a re  induced  by thyam ine 
i s  not c le a r ,  bu t c e r ta in  p o s s ib i l i t i e s  e x i s t .  The ind uced  enzyme(s) 
involved  may be  e i th e r  th o s e  d irec tly  invo lved  in  pigment synthesis; or 
th e  k in a s e  w hich forms th iam ine  pyrophosphate  from th iam ine  and
i
ad eno sine  t r ip h o s p h a te .
The r e s u l ts  in d ic a te  th a t  a c e ta te  i s  a requ irem ent for pigment 
s y n th e s i s .  It seem s th a t  c o lo r le s s  c e l l s  w hen  ex p o sed  to  th iam ine for 
2 to  3 h o u rs ,  develop  p o te n t ia l i t i e s  of oxygen up take  in  a c e ta te  in  m ano- 
m etric s t u d i e s . It in d ic a te d  th a t  th e re  i s  a d iffe rence  in  th e  re s t in g  c e l ls  
of C .  equi w hen h a rv e s te d  from d ifferen t nu tr it iona l  c o n d it io n s .  Carbon 
of a c e ta te  hps b e en  show n by L o tspeich  e t  a l .  (1963) to  be  incorpora ted  
in to  the  ring sy s tem  of caro teno id  and  Schopfer and Grob (1956) showed
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th a t  p recu rso rs  of a c e ta te  w ere  re q u ire d , but not th ia m in e , for ca ro teno id  
b io sy n th e s is  in  P h v c o m v ce s .
The p igm ents and  th e  th iam ine  requirem ent for pigment production 
in d ica te  a c lo s e  taxonorpic re la t io n sh ip  be tw een  C .  equi and th e  p lan t 
pa thogens: C . m ic h iq a n e n s e , C . p o in s e t t i a e ,  and C . f la c c u m fa c ie n s .
I
H ow ever, th e  p lan t  pa tho gens  do not grow in  th e  sy n th e tic  medium of 
Braun and H ofm eier h en ce  n u tr it io n a l  s im ila r i t ie s  and d iffe rences  e x i s t .
The s t r a in  of C . hoaq ii  a v a i la b le  for th is  study  (ATCC 7005) w as 
p rac t ic a l ly  id e n t ic a l  w ith  th e  four s t ra in s  of C.. e q u i . All are  highly  
ox idative  and acc u m u la te  a c id s  in  su ch  sm all amounts th a t  none i s  in d i ­
c a ted  in  the  custom ary  t e s t s  with Durham ferm enta tion  t u b e s . Only s l igh t
/
ac id ity  is  o b se rv ed  near  th e  su rface  in  OF m ed ia .  The s l ig h t  accum u la ­
t io n  of a c id s  i s  b e l ie v e d  to  be the  e x p lan a t io n  for some d isag reem en t in  
th e  l i te ra tu re  a s  to  th e  su g a rs  a t ta c k e d  by th e s e  s p e c i e s .
i
It i s  u n n e c e s sa ry  and unw ise to  co n s id e r  a s  d ifferent sp e c ie s  
organism s w h ich  are  a s  s im ila r  a s  th e  s t ra in s  u se d  in  th is  s tu d y . It 
i s  recom mended th a t  a l l  th e s e  o rgan ism s be co n s id e red  a s  s t ra in s  of 
the  firs t  named s p e c i e s ,  C .  h o a q i i .
SUMMARY
C orynebac te rium  equi and  C . hoaq ii a re  e s e n t ia l ly  id e n t ic a l  in  
m orpholog ical, c u ltu ra l  and p h y s io lo g ic a l  c h a ra c te r i s t ic s  and  i t  i s  recom ­
m ended th a t  _Q_. equ i be  co n s id e red  a  homonym of C . h o aq ii  s in c e  th is  
s p e c ie s  w a s  th e  f i rs t  nam ed.
In th i s  s tudy  i t  h a s  b een  confirm ed th a t  g lu co se  i s  s t im u la to ry , 
and  q u a n ti ta t iv e  d a ta  have  b e en  ob ta ined  to  fchow th a t  only minute 
am ounts of the  su g a r  are  u t i l i z e d .  The sam e o b se rv a tio n s  w ere  tru e  for 
C . h o a q i i . In  a  medium con ta in ing  100 n g /m l of g lu co se  only 80 ng w ere  
u t i l iz e d  in  5 d a y s . A ceta te  w a s  more stim ula tory  to  bo th  s p e c ie s  th an  
g lu c o s e ,  and  g lu c o se  w as  w ithout e ffec t in  th e  p re se n c e  of a c e ta t e .  
Experim ents w ith  g lu c o s e - . l -0 * 4  rev e a le d  th a t  most of th e  ra d io a c t iv i ty  
w as  evo lved  C O 2 .
In a  sy n th e t ic  medium ca lc ium  p a n to th en a te ,  B^2 anc* some com bi­
n a tions  of amino a c id s  perm itted  c o n s is te n t  low le v e ls  of growth w ithout 
p ig m en ta tion . For optimum growth of th e s e  organism s th iam ine  w as  
n e c e s s a r y .  The maximum effec t of thiamine on growth in  th e  sy n th e t ic  
medium w a s  o b ta ined  w ith  a co n cen tra tio n  of only 3 .0  n g /m l .  W ithou t 
th iam ine  th e re  w a s  no c h ro m o g en es is ,  and th e  maximum ch rom ogenes is  
w as  o b ta in ed  w ith  5 n g /m l .  At suboptim al le v e ls  of th iam in e  grow th and 
chrom ogenes is  w ere  proportional to  the  th iam ine  c o n ce n tra t io n .  T hese  
o rgan ism s ap p ea r  to  provide an  exceed ing ly  s e n s i t iv e  method for d e te c t in g
75
and q u a n ti ta t in g  th ia m in e .  Thiamine seem s to  be an ab so lu te  requirem ent 
for pigment b io sy n th e s is  in  t h e s e  o rg an ism s .
C o lo r le s s  c e l l s  (grown w ithout th iam ine) were induced  to  form 
pigment by th e  ad d it io n  of th iam ine; ch loram phenicol p reven ted  th is  
in d u c t io n .  Thiamine in  minute am ounts seem s to  m ediate ch rom ogenes is  
by inducing  th e  form ation of th e  enzym e sys tem  required  for th e  b io ­
sy n th e s is  of th e  p ig m e n ts . The pigm ents w ere  found to  be c a ro ten o id s  
w ith  ab so rp tio n  maxima in  e th an o l a t  about 440, 464, and 495 mp.
LITERATURE CITED
A yers, S . H . , and  P. Rupp. 1922. D ifferen tia tion  of hem olytic  
1 s t re p to c o c c i  from human and bovine so u rces  by the  hydro lysis  of
sodium  h ip p u ra te . J .  In fec t .  D i s e a s e s .  30 :388-389 .
Baumann, C . A . ,  H. S teen b o ck , M . A. Ingraham , and E. B. Fred. 1933. 
F a t - so lu b le  v i ta m in s . XXXVIII. M icroorganism s and the  sy n th e s is  
of ca ro ten e  and v itam in  A. J .  B io l.C hem . 103:339-351 .
Braun, A. C .  1949. The ro le  of th iam ine and ce r ta in  re la te d  compounds 
in  pigment p roduction  by Corynebacterium  m ich iqanense  (Erw. Smith) 
J e n s e n .  Phy topa tho logy . 39 :171-172 .
( "
Braun, H . , and  K. H ofm eier. 1927. Uber den V erw endungstoffw echsel der
D ip th e r ie b a c i l le n ,  Klin. W o ch sch r .  6,:699.
Breed, R. S . ,  E. G. D . Murray and N . R. Sm ith. 1957. Bergey 's M anual 
of D eterm inative  B acterio logy . 7th e d . The W illiam s and W ilk ins  
C o . , B a l t im o re . p p . 5 78 -59 7 .
Brooks, R. F . , and  G. S . H ucker. 1944. A study  of ce r ta in  members of 
th e  genus C orynebac terium . J .  B acterio l. 48 :295-312 .
Bruner, D . W . , and P . R. Edw ards. 1941. C la s s i f ic a t io n  of Coryne­
bacterium  e g u i .  Kentucky Agr. Exp. S ta .  Bull. 414 . 9 1 -1 0 7 .
C a rr ie r ,  E. B. 1963. A com parative  study  of members of the  genus
C o ry nebac te r ium . P h .D .  D is se r ta t io n .  Louisiana S ta te  U n iv e rs i ty ,  
Baton Rouge.
C a rrie r ,  E. B .,  and  C .  S. M c C lesk ey . 1961. M otility  and  f lag e lla t io n  
of Corynebacterium  v e s i c u l a r e . Busing, D oll,  and F rey tag . J .  
B ac terio l.  82 :154-156 .
C h a s e ,  G. D . ,  and  J .  L. R abinow itz . 1965. P rinc ip les  of R adio iso tope 
M ethodo logy . 4th p r in tin g , Burgess Publishing C o . , M in n e ap o lis ,  
M in n .
Dim ock, W . W . , and  P. R. E dw ards . 1931. Corynebacterium  egui in 
f o a l s .  J .  Am. Vet. M ed . A s so c .  79 :809-812 .
Dim ock, W . W . , and  P . R. E dw ards . 1932. In fec tions  of f e tu s e s  and 
f o a l s .  Kentucky Agr. Exp. S ta .  Bull. 333.
76
77
E berson , F . 1918. A b a c te r io lo g ic  study of the  d iphthero id  o rgan ism s
w ith  s p e c ia l  re fe rence  to  H odgk in 's  d i s e a s e .  J .  In fe c t .  D i s e a s e s .  
2 1 :1 -4 1 .
Friedm an, M . E . ,  a n d W .  G .  R o e s s le r .  1961. Growth of L is te r ia  
m onocytogenes in  de fined  m ed ia .  J .  B ac terio l.  82 :528 -5 33 .
G oodw in , T. W . 1954. C a ro ten o id s  f th e ir  com parative  b io ch e m is try .  
C hem ica l Publish ing  C o . , In c .  New York.
G oodw in , T . W . 1959. The b io sy n th e s is  and  function  of th e  caro ten o id  
p ig m e n ts .  Advan. E n zy m o l.,  21 :295 -36 8 .
H ar t,  L. T . ,  A. D . L arson , a n d C .  S .  M cC lesk ey . 1965. D e n itr i f ic a t io n  
by C orynebac terium  n e p h r id i i . T. B ac te r io l .  80 :1104-1108 .
H oag , L. 1907. "Organism  x" probably  of the  C orynebacterium  group .
I t s  d if fe ren t ia t io n  from B. d ip h the r iae  and a ll ied  o rg a n is m s . I ts  
pa th o g en ic ity  in  m an, e sp e c ia l ly  in  broncho-pneum onia  and  i t s  
re la t io n sh ip  to  g en e ra l  p a ra ly s is  of th e  in s a n e .  Boston M ed . and 
S urg . J .  157 :10-14 .
H o d g k is s ,  W . ,  J .  L is ton , T. W . G oodw in , and M . Jam ikorn. 1954. The. 
i s o la t io n  and d e sc r ip t io n  of two marine m icroorganism s w ith  sp e c ia l  
re fe ren ce  to  th e ir  pigment p roduction . J .  G en . M icrob io l.  11: 
4 3 8 -4 5 0 .
H ucker, G . J .  1922. C om parison  of va rious  methods of Gram s ta in in g .  
B ac te r io l .  A bstr. 6.:2.
Ingraham , M . A . ,  and  C .  A. Baumann. 1934. The re la tio n  of m icro­
o rgan ism s to  ca ro teno id s  and  v itam in  A. I .  The occu rrence  of 
ca ro ten e  in  b a c t e r i a . T. B ac te r io l .  2 8 :3 1 -40 .
J e n s e n ,  S .  L. 1963. C a ro teno id s  of pho to syn the tic  b a c te r ia .  D is t r ib u ­
t io n  s truc tu re  and B io s y n th e s is . B acteria l  P h o to s y n th e s is . The 
Antioch P re s s .  Yellow S p r in g s , O hio . pp . 19-34 .
J e n se n ,  S .  L. 1965. B io sy n th es is  and  function  of caro teno id  p igm ents 
in  m icroorgan ism s. Annual Review of M icrobiology. 19 :163 -182 .
Karrer, P . ,  and E. Ju ck er .  1950. C a ro te n o id s . E lsev ier  P ub lish ing  C o . , 
In c .  New York.
78
L o tsp e ich , F . J . ,  R. F . K rause, V. G . L illy , and H . L. B arnett. 1963. 
Asym m etrical incorpora tion  of a c e ta te  into  B eta-caro tene  b io -  
synthebiized by Phvcom vces b l a k e s l e e a n u s . Pro. S o c .  Exptl. Bio. 
and  M ed . 114:444-447 .
M agnus so n ,  H . 1923. S p e z if isc h e  In fek t io se  Pneumonie biem Foh len ,
In N eurer E itererreger beim Pfred. Arch. W is s .  P rak t. T ie rernaehr. 
5 0 :2 2 -3 8 .
M c C lesk ey , C .  S . ,  a n d W .  N . C h ris to p h e r .  1947. Laboratory M anual 
and  W orkbook for Elementary B ac te r io lo g y . D . C .  H eath  and 
C om pany. p .  105.
M c C lesk ey , C .  S . ,  L. W . F av llle , a n d R .  O . B arnett. 1947. C h a ra c te r ­
i s t i c s  of L euconostoc  m esen tero ids  from cane  ju ic e .  J .  B act. 5 4 : 
6 9 7 -7 0 8 .
M erchan t, I .  A. 1935. A study of co ry n eb ac te r ia  a s s o c ia te d  w ith  d i s e a s e s  
of d om es tic  a n im a ls .  J .  B ac te r io l .  30 :95 -115 .
M erchan t,  I .  A . ,  a n d R .  A. P ack er .  1956. Veterinary Bacterio logy and 
V iro logy. 5th e d .  The Iowa S ta te  C o lleg e  P r e s s . Ames. p p . 5 1 9 -  
523 .
M ontgom ery, R. 1961. Further s tu d ie s  of th e  p h e n o l-su lfu r ic  ac id
rea g en t  for c a rb o h y d ra te s .  Biochim. B iophys. A c ta . 4 8 :5 9 1 -5 9 3 .
M o rse , M . E. 1912. A study  of th e  d ip h theria  group of o rgan ism s by 
th e  b iom etrica l  m ethod. J .  In fe c t .  D i s e a s e s .  11 :253-285 .
i
P rebb le , J .  N . 1962. C aro teno id  production  in  C orynebacterium  f a s c i a n s . 
(Tilford) D ow son . Biochem. J .  85 :13P-14P .
S a p e rs te in ,  S . ,  and  M . P . S ta rr .  1955 . A sso c ia tio n  of caro teno id  p ig ­
m ents w ith  p ro tein  com ponents in  n o n -p h o to sy n th e tic  b a c te r ia .  
B iochim ica e t  B iophysica  A cta . 16 :482-488 .
S a p e rs te in ,  S . ,  M . P . S ta rr ,  and  J .  A. F i l fu s .  1954. A lterations in 
c a ro ten o id  sy n th e s is  accom panying mutation in  C orynebacterium  
m ic h iq an e n se .  J .  G e n . M icrob io l. 10 :85-92 .
S c h u s te r ,  M . L . , J .  P . Jo n e s ,  and R. M . S ay re . 1959. The e ffec ts  of 
th iam ine  and tem pera ture  upon th e  p igm entation  and growth of b e a n  
w i l t  b a c te r ia .  Plant D is e a s e  R epo tter . 43.:439-443. 1
Schopfer , W . H . ,  and E. C .  G rob . 1956. R echerches sur la  b io sy n th e s e  
d e s  caro teno 'ides ch ez  un M icroorganism e? E xperien tia .  V I:419-421.
79
S kinner, C .  E . ,  and  M . F . G underson . 1932. Production of v itam in  A 
by a s p e c ie s  of C orynebac terium . J .  Bio. Chem. 9 7 :5 3 -5 6 .
S ta n ie r ,  R. Y. 1960. C aro tenoid  p ig m en ts .  Problems of sy n th e s is  and
fu n c tio n .  The H arvey L ec tu re s .  1958-1959 . Academic P r e s s ,  New 
York. p p . 21 9 -255 .
S ta rr ,  M . P . ,  and S . S a p e rs te in .  1953. Thiamine and the  caro ten o id  
p igm ents of C orynebacterium  p o in s e t t i a e . Arch. Biochem. and 
B iophys. 43 ;157—168.
T h eriau lt ,  R. J. 1965 . H etero troph ic  growth and production of x an thop hy lls  
by C h lo re lla  p y re n o id o sa . Applied M icrobiology 13 :402-416 .
U m breit, W . W . , R. H . Burris, and  J . F . S tauffer. 1959. M anom etric
T ech n iq u es .  3rd e d .  Burgess Publish ing  C o . , M in n eap o lis ,  M inn.
Yokohama, H . ,  C . C h ich e s te r  and T. N akayam a. 1962. Oxygen req u ire ­
ment in  c a ro te n o g e n e s is .  Biochem. J .  85:10P-11P.
BIOGRAPHICAL SKETCH
Ishw ar Saran  Pradip w as born in  Agra, U . P . , In d ia ,  in 1935. He 
w as graduated  from D .A .V . H igher Secondary School w ith  d is t in c t io n  in 
m athem atics in  1951. He a tten d ed  S t.  Johns C o lle g e ,  Agra, from July , 
1951 to  June, 1955, when he rec e iv e d  the  Bachelor of S c ience  degree in 
C hem istry , Zoology and Botany.
From Ju ly , 1955, to  June , 1960, he a ttend ed  th e  C ollege  of
i
Veterinary S c ien c e ,  M athura , U . P . and rec e iv e d  th e  B .V .S c . & A .H . 
degree (equ iva len t to  D .V .M . ) . During h is  c o lleg e  days  he took an 
ac t iv e  part  in ex tracu rr icu la r  a c t i v i t i e s .
He enro lled  in  Graduate School a t  the  U n iv e rs i ty  of Florida in 
Septem ber, 1961 and rec e iv e d  the  M .S .  degree  in  D airy  S c ience  in 
D ecem ber, 1962. He con tinued  graduate  study  in  the  Bacteriology 
Departm ent a t  th e  U n iv e rs i ty  of Florida un til  D ecem ber, 1963, when he 
tran sfe rred  to L ouis iana  S ta te  U n ive rs i ty  in  January , 1964.
He is  a c an d id a te  for the  degree  of Doctor of Ph ilosophy  in 





EXAM INATION AND THESIS REPORT
Ishwar Saran Pradip 
Bacteriology
Growth and chromogenesis of Corynebacterium equi and hoagii.
Approved:
Major Processor ana Chairman




Date of Examination: 
February 17, 1966
